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Rapid and sensitive methods for detecting Escherichia coli 0157 in contaminated food,
water and other biological samples are important in limiting and preventing the spread of
this pathogen. Traditional culture based methods for bacterial identification and detection
can be time consuming and labour intensive. Modem alternative methods should be faster
whilst maintaining sensitivity. Immunomagnetic separation (IMS) methodology has been
investigated and appears promising for rapid bacterial detection in unrelated food and
environmental samples. In this study, a commercial sensor which combined IMS with
electrochemiluminescence (ECL) was evaluated for the detection of E. coli 0157 in
unrelated food matrices. Emitted signals were detected and measured by the ORIGEN’^^
Analyser (IGEN, Inc.). A mthenium labelled antibody which binds to a surface antigen
when electrically stimulated, emits light of a particular wavelength and this signals the
presence of the 0157 antigen. Confirmation of the culture identity after spiking included
growth on selective agars (Cefixime Tellurite Sorbitol MacConkey agar [CT-SMAC] and
Rainbow

agar along with serological and biochemical evaluation. As a further

confiiTnatory step, all isolates were DNA fingerprinted using PCR. Broth studies were
carried out to assess the sensitivity of the ORIGEN'^'^ Analyser by spiking a non-VTEC
E. coli 0157 strain (NCTC 12900) at varying bacterial dilutions. Results indicated a
detection level of 1.7 x lO"^ and approximately 10 cfu/ml after 6 and 22 h incubations
respectively, at 37°C. Sixteen unrelated food matrices were tested and six were selected
for discussion on the basis of their matrix type and also interesting findings. The
ORIGEN™ Analyser was able to detect E. coli 0157 initially inoculated at 1 x lO"^
cfu/ml in raw minced beef after 6 h incubation at 37°C, however the organism was
undetectable in commercial apple juice and dry baby at these conditions. E. coli 0157
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detection levels were 1 x 10 , 1 x 10 and 3 x 10 cfu/ml in mince beef, apple juice and
baby powder respectively after 22 h incubation at 37°C. Ambiguous results were obtained
in the broccoli, mushroom and sausage sample where positive ECL signals were obtained
in unspiked samples, indicating cross-reactivity with other organisms. Enterobacter
agglomerans, Enterobacter cloacae, Citrobacter freundii, Psuedomonas spp. and generic
E. coli were isolated using the antibody-coated beads used with the ORIGEN'^^ Analyser.
In total, 43 competing strains were biochemically and serologically identified. DNA
fingerprinting and ribotyping of all isolates by PCR was completed and comparative
analysis identified 18 clusters of micro-organisms competing with the spike strain. Of
this study population 6 strains were identified harbouring plasmids and a multiplex PCR
indicated no E. coli 0157 virulence markers present.
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Section I
Introduction

1.1: Escherichia coli

Escherichia coli is a member of the Enterobacteriaceae family, which are
facultatively anaerobic Gram-negative rods. E. coli are chemoorganotrophic,
containing both a respiratory and fermentative type of metabolism and may be motile
by peritrichous flagella or non-motile (Bergey, 1994).

Escherichia coli are a common part of the normal facultative anaerobic microflora of
the intestinal tracts of humans and warm-blooded animals (Doyle et al, 1997).
Generally, E. coli colonise the human bowel and are harmless commensals (Padhye
and Doyle, 1992).

1.2: Pathogenic £■. coli

A few strains are pathogenic and cause distinct diaiTheal syndromes. There are now
seven classes of diarrheagenic E. coli, namely enteropathogenic E. coli (EPEC),
enterohaemorrhagic E. coli (EHEC), enteroinvasive E. coli (EIEC), enterotoxigenic E.
coli (ETEC), enteroaggregative E. coli (EaggEC), diarrhea-associated haemolytic E.
coli (DHEC) and cytolethal distending toxin (CDT)-producing E. coli. (Clarke, 2001).
Of these, only 4 have been implicated in food or waterborne illness (Feng and
Weagent, 2002). The diarrheagenic E. coli that have been associated with foodbome
illness are grouped into these four categories based on virulence properties, clinical
symptoms, differences in epidemiology, and distinct 0:H serogroups (Levine, 1987).

1.2.1: Enterotoxigenic £■. coli (ETEC)

ETEC attach to the mucosa of the small intestine by adhesion factors, some of which
are host-specifie. ETEC do not invade the mucosa or cause histologic changes.
(Riemann and Cliver, 1998). The presence of disease is due to the ability of the
pathogens to produee an invasive factor and either a heat labile (HE), a heat stable
(HS), or both enterotoxins (Bibek, 1996). Both food and water have been implicated
in outbreaks and sporadie cases in humans (Bibek, 1996). ETEC strains are assoeiated
with two major clinical syndromes: weanling diamhea among children in the
developing world, and travellers’ diarrhea (Nataro and Kaper, 1998). The time to
onset of disease averages 26 h, the duration of disease 3-19 days (Bell and
Kyriakides, 2002). The diarrhea produeed is of a watery nature, usually free from
blood and may in some cases be accompanied by fever and vomiting (Nataro and
Kaper, 1998).

1.2.2: Enteropathogenic E. coli (EPEC)

EPEC isolates contain numerous virulence factors, including genes eneoded
chromosomally and on a plasmid. However, they do not produce any toxins (Clarke,
2001). EPEC infection is characterized by the formation of attaching and effacing
lesions (AE) both in humans and animals (Nataro and Kaper, 1998). The production
of the AE lesion is followed by the injection of various components into the host cell
via a type III secretion apparatus, which leads to interruption of host cell activity
(Clark, 2001). This type of infection is seen primarily in infants younger than two
years, with a certain resistance to infection apparent in older children and adults. This
resistanee is not fully understood but the possibility of loss of specifie receptors with

age has been proposed (Baldwin, 1998, Nataro and Kaper, 1998). Vomiting and lowgrade fever usually accompany profuse watery diarrhea (Nataro and Kaper, 1998).

1.2.3: Enteroinvasive £■. coli (EIEC)
The precise pathogenic scheme of EIEC has yet to be elucidated, however
pathogenesis of EIEC suggests that its features are virtually identical to those of the
Shigella species (Nataro and Kaper, 1998). As for Shigella spp., the invasive capacity
of EIEC is associated with the presence of a large plasmid (ca. 140 MDa), which
encodes several outer membrane proteins (OMPs) involved in invasion. The
antigenicity of these OMPs and that of the O-antigens of EIEC are closely related.
The principal site of bacterial localization is the colon, where EIEC invade and
proliferate in epithelial cells, causing cell death (Doyle et al, 1997). EIEC spread
laterally from cell to cell but do produce Haemolytic Uremic Syndrome (HUS).
(Riemann and Cliver, 1998). EIEC are a significant cause of morbidity and mortality
in young children in developed countries although like most enteropathogens, they are
more important in developing countries where sanitation and hygiene levels are of a
poor standard. Infection with EIEC results in a diarrheal illness characterized by a
bloody mucoid diarrhea (Clarke, 2001).

1.2.4: Enterohemorrhagic 1?. coli (EHEC)
EHEC strains are dominantly of the serogroup 0157:H7, but strains of other
serogroups have recently been shown to possess the same toxins and to induce disease
with the same severe clinical symptoms (01svik et al, 1991). This category of
pathogenic E. coli encompasses strains which express verotoxins, contain a 60 MDa
plasmid involved in pathogenesis and cause infection which is characterized by

attaching and effacing lesions (Nataro and Kaper, 1998). Human infection with EHEC
is associated with a range of symptoms from non-bloody diarrhea, fever and vomiting
through to hemorrhagic colitis and haemolytic uremic syndrome (HUS) (Coia, 1998).
The infective dose has been estimated to be less than 100 organisms as determined by
outbreak investigations (Nataro and Kaper, 1998). The EHEC cycle in the
environment is driven primarily by bovine faecal contamination. EHEC infections in
humans are transmitted directly from animals, from person to person, and via
contaminated foods (Bell, 2002).

Whereas all EHEC strains are believed to be pathogens, all VTEC strains are not, as
not all produce AE lesions and /or do not possess the 60-MDa EHEC plasmid. Thus,
EHEC denates a subset of VTEC and includes a clinical connotation that is not
implied with VTEC (Nataro and Kaper, 1998).

1.3: Verocytotoxigenic E. coli
It is now 20 years since Konowalchuk et al. (1977) reported the feature which
distinguishes VTEC from other classes of pathogenic E. coli, namely, the production
of a toxin with a profound and irreversible cytopathic effect on Vero (African green
monkey kidney) cells (Paton and Paton, 1998). There are at least 100 serotypes of E.
coli that have been implicated in human illness (Nataro and Kaper, 1998). Of these
serotypes E. coli 0157:H7 is the most well known to microbiologists and the general
public (Law, 2000). Its notoriety can be justified as this organism has the ability to
survive in many environments, including preservation systems, has a low infective
dose, attacks immunocompromised people, and can lead to severe clinical
complications such as HUS (Duffy et al, 2001). E. coli 0157:H7 (the 157^ somatic

antigen (O) and the 7^ flagellar (H) antigen identified was first accepted as a human
pathogen following two hemoiThagic colitis outbreaks in 1982 (Riley et al, 1983,
Karmali et al, 1983). Food-bome outbreaks appear to be increasing and, when massproduced and mass-distributed foods are concerned can involve a large number of
people (Paton and Paton, 1998). Non-0157 VTEC, in particular 026, 0111, 0103
and 0145, are increasingly linked to human illness (Duffy et al, 2001). Studies of
non-0157 VTEC at the molecular level have shown differences with E. coli 0157:H7,
in terms of virulence genes, pathogenicity islands, prophage structures and integration
sites for mobile genetic elements (Schmidt et al., 2001).

1.4: Evolution of E. coli 0157:H7

E. coli 0157:H7 is an evolved organism from the enteric bacillus group (Park et al,
1999). Molecular phylogeny studies indicate that it is closely related to some other
pathogens of vertebrates, including Shigella and Salmonella (Souza et al, 2002). E.
coli 0157:H7 appears to have acquired many of its genes by horizontal transfer since
it diverged from K-12 about 4 million years ago. It turns out to have 1,387 genes that
K-12 lacks. The accumulation of virulence factors (phage encoded vt genes,
pathogenicity island-encoded intimin gene - LEE (a 35-kb locus of enterocyte
effacement) plasmid encoded enterohaemolysin certain metabolic pathways and
prophages, as well as genes enabling DNA elements to move around on a
chromosome, has facilitated a very rapid form of evolution (Souza et al, 2002). While
most emphasis on the genetic mobility underlying the emergence of E. coli 015:H7
has correctly focused on its acquisition of pathogenic/virulence characteristics, some
other characteristics have been lost. One important step on the evolutionary process

from its EPEC like ancestor involved loss of the ability to produce the enzyme (3glucuronidase (GUD) and to ferment sorbitol (Duffy et al, 2001).

1.5: Virulence factors of E. coli 0157:H7
1.5.1: Verotoxins
Once bacteria have adhered to the bowel mucosa they will grow and secrete an array
of extracellular products including the potent cytotoxins known as Verotoxins
(O’Brien and Holmes, 1987). E. coli 0157:H7 can produce two different types of
verotoxins: VTl, a homogenous group of toxins, virtually identical to the Shiga toxin
of Shigella and is highly conserved and VT2, a heterogenous group of toxins, more
distantly related to the Shiga toxin (Mainil, 1999). VTl and VT2 share approximately
60% DNA and amino acid homology but are immunologically distinct (Law, 2000,
Padhye and Doyle, 1992). Members of the verotoxin family are differentiated by
their biological activity and the presence or absence of cross-reactivity with VTl or
VT2 antisera. Some of the VT2 variants are further characterised by a lower binding
affinity to the glycolipid receptor Gb3. VT 1 and 2 genes are considered to be part of
the genome of lambdoid prophages (Schmidt et al., 1999a), with the exception of
VT2e, which is chromosomally encoded (Schmidt et al., 1999b). The process by
which the verotoxin genes enter the E. coli genome is not fully understood (Karch et
al., 1999), nor is the mechanism by which verotoxins, produced by the organism in
the bowel, cause renal damage (Law, 2000). Since VTEC strains appear to be unable
to invade gut epithelial cells to any significant extent, the generation of systemic
sequelae must presumably involve translocation of verotoxins produced by colonizing
bacteria from the gut lumen to underlying tissues and the bloodstream (Paton and
Paton, 1998). Clinical data suggests that there is an association between VT genotype

and severity of illness (Friedrich et al, 2002). Toxin genotypes of 93 E. coli 0157:H7
isolates were correlated with clinical sequelae of illness. Genetic probing for
verotoxins 1 and 2 demonstrated the presence of both genes in 76% of cases, VTl
alone in 3% of cases and VT2 alone in 20% of cases. HUS developed in 39% of
patients infected with isolates having only the VT2 gene, while complications
occurred in 6% of patients having the other two genotypes (Ostroff et al, 1989).
Kleanthous et al. (1990) also confirmed the association of VTEC, and particularly
strains oiE. coli 0157:H7 with HUS. Strains producing producing VTl, VT2, or both
toxins were isolated, although over 94% of VTEC produced VT2 alone or together
with VTl.

1.5.2: The Locus of Enterocyte Effacement (LEE)
The attaching-effacing (AE) lesion produced by E. coli 0157:H7 is microscopically
characterised by the destruction of the enterocyte microvilli (effacement) and the
intimate contact between the bacteria and the enterocyte cytoplasmic membrane
(attachment) in the large intestine (Duffy et al, 2000). All of the genes necessary for
generation of AE lesions in EPEC are located on a 35.5-kb “pathogenicity island”
termed the locus of enterocyte effacement (LEE), which is inserted at 82 min in the E.
coli chromosome (Paton and Paton, 1998). The LEE of E. coli 0157;H7 is similar in
structure, organisation and gene arrangement to the EPEC LEE although it is slightly
larger (Pema et al, 1998). LEE comprise at least three major functional regions: i) a
central region containing the eae gene encoding the intimin adhesion and the tir gene
encoding the translocated intimin receptor, ii) a region encoding secreted Esp (E. coli
secreted proteins) responsible for inducing the epithelial cell signal transduction
events leading to the AE lesion and iii) a large region encoding a type III secretion

system, involved in extraeellular exeretion of the protein encoded by ESP genes
(China, 1999, Pema et al, 1998).

1.5.3: Enterohemolysin
Hemolysins (cytolysins) are considered to be important virulence factors of bacteria
causing extraintestinal diseases. While alpha hemolysin is chromosomally encoded,
EWEC-hly was found to be encoded by the 60-MDa “virulence plasmid” (p0157). By
analysis of the DNA sequences of two of the genes encoding the EHEC-/z/y
hemolysin determinant, this new hemolysin can be attributed to the RTX (repeats in
toxin) family of pore-forming cytolysins. The genes encoding EHEC-/z/y are
organised in an operon like structure sharing approx. 60% sequence homology with E.
coli alpha haemolysin. (Schmidt et al, 1995, Schmidt et al, 1996). Because of the
strong conservation of the p0157 plasmid among E. coli 0157:H7 and other EHEC,
and the positive reaction to sera of HUS patients to the hemolysin encoded by p0157,
this plasmid is believed to play a role in the pathogenesis of disease, but its function is
unclear (Doyle et al, 1997). A possible option is that haemoglobin released by the
action of EHEC-Zz/y provides iron, stimulating the growth of verotoxin-producing
Escherichia coli (STEC) in the gut, and contributing to the greater virulence and
higher incidence of human infection caused by E. coli 0157:H7 (Law and Kelly,
1995).

1.5.4: Lipopolysaccharide
E. coli 0157:H7 has the typical lipopolysaccharide (LPS) surface structure of Gram
negative bacteria. LPS is known historically as the ‘O’ or somatic antigen, and is
composed of lipid A and 0-polysaccharide. The portion of 0-polysaccharide is an

antigenic determinant of the serotype (Park et al, 1999). Several studies have shown
that although LPS is not directly involved, it may have an indirect effect on adhesion
(Law, 2000). A mutant strain of E. coli 0157:H7 lacking the O LPS adhered better to
host epithelial cells, than the wild type strain (Bilge et al, 1996). A similar finding
was found whereby antibodies to the lipopolysaccharide blocked adherence of Shiga
toxin-producing Escherichia coli to human intestinal epithelial (Henle 407) cells
(Paton et al, 1998).

1.6: Virulence factors in non-0157 E. coli 0157 and other members of the
Enterobacteriaceae family
Non-0157 VTEC, in particular serogroups 026, Olll, 0103 and 0145, are
progressively being linked to human illness, more often. These serogroups display
extensive variation with regard to their complement of virulence factors. Variations in
gene subtypes, e.g. intimin and verotoxin (v/) producing genes, integretion sites for
the LEE pathogenicity island, and in plasmid encoded virulence factor complement,
have been identified (Schmidt et al, 2001). The versatility of the E. coli genome is
conferred mainly by two genetic configurations: virulence related plasmids and
chromosomal pathogenicity islands (i.e. the chromosomal virulence genes of EPEC
and EHEC). Such islands have been described for uropathogenic E. coli strains and
systemic E. coli strains as well and may represent a common way in which the
genomes of pathogenic and non-pathogenic E. coli strains diverge genetically (Nataro
and Kaper, 1998).

The vt genes are part of the temperate lambdoid phages, which are integrated in the
chromosome of the bacterial host. At present, the ability to produce verotoxins has

been assigned to more than 200 E. coli serotypes which have been isolated from
patients, healthy humans animals food and water. Two verotoxin-producing
organisms were also isolated from the feces of an infant with HUS by PCR. One
strain was identified as E. coli OR:H9, while the other was identified as Enterobacter
cloacae. Both isolates were highly toxic for Vero cells. Nucleotide sequence analysis
indicated that the toxin encoded by the Ent. cloacae VT 2 related gene was very
similar to verotoxin II variants from E. coli, differing from the most closely related
toxin by 3 residues in the A subunit (Paton and Paton, 1996). VT production was
observed also in other members of the Enterobacteriaceae including Citrobacter
freundii, Enterobacter cloacae and the Shigella spp. (Toth et al, 2003). C. freundii
strains isolated from human and beef samples indicated that it contained the gene
encoding VT2 related cytotoxins. The A and B subunits were cloned and sequenced.
The gene encoding the A subunit differed from that of E. coli VT2 in 4 bases
{Schmidt et al, 1993).

C. freundii has an active eae gene, contributing to its attachment and virulence in the
colon. The eae gene cluster encodes a 94-kDa protein essential for characteristic
intimate colonisation and local cellular disruption (Hubbard et al, 1998). Escherichia
coli (EPEC) and Hafnia alvei share virulence properties at genetic levels. Seven
strains of H. alvei isolated from the diarrhoeal stools of children indicated, by
hybridisation studies, the presence of the eae gene (Albert et al, 1992).

Such distribution of pathogenic genes, presents a potent means for the sudden and
probably unexpected emergence of newly pathogenic bacteria (Duffy et al, 2001).
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E. coli isolates of serogroups 026 and Olll commonly produce enterohemolysin.
The incidence of enterohemolysin in non-0157 STEC can be inferred by
hybridisation with the CVD419 probe. Forty-eight VTEC isolates representing 17 O
groups other than 0157 and 026 were examined, 60% of which were probe positive
(Willshaw et al, 1992).

1.6.1: H7 antigen
In E. coli there are 53 distinct H (flagellar) serotypes. Fourty-five of these flagellar
serotypes can be sub-divided into six recognised ‘morphotypes’ designated A,B,C, D,
E and F, all classified according to the unique folding characteristics of the flagellin
protein. E. coli morphotype E flagellar filaments includes serotypes HI, H7, HI2,
H23, H45, H49 and H51 (Lawn, 1977). Schoenhals and Whitfield (1993) used PCR to
amplify flagellin structural {JUCht) genes from E. coli strains producing morphotype
E flagellar filaments, including strain US-41 serotype 01:K1:H7. The HI, H7 and
H12 flagellins demonstrated 98-99% identity in the carboxyl-terminal region and 89%
(H7) to 99% (HI and HI2) identity in the carboxyl-tenuinal region, accounting for
previously reported serological cross reactions. T\\q fliChi genes of a collection of E.
coli strains with the H7 flagellin were characterised (Gannon et al., 1997). PCR
primers synthesised on the basis of the //zC/yz sequence amplified DNA fragments of a
predicted size from all strains including 01:H7, 018ac:H7, 019:H7, 088:H7 and
0156:H7 but not of the other H serotypes.

1.7: Antimicrobial resistance in food borne bacteria
The campaign against what has been considered excessive clinical use has been
generally evenly directed at human and animal medicine, but there has been a
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concerted attack on the agricultural use of antibiotics, based on the assumption that all
such usage is imprudent since it might act as an important source of resistance in
bacteria affecting humans (Phillips et al, 2004). Antibiotic resistance in food-related
bacteria reflects the resistance situation in bacteria from all the various environments
from where food for human consumption originates (Sorum and L’Abee-Lund, 2002).
Drug resistance in food borne bacterial enteric pathogens is an almost inevitable
consequence of the use of antimicrobial drugs in food producing animals. Such drugs
may be used either therapeutically or prophylactically, or for growth promotion as
feed additives (Threlfall et al., 2000). In animals as in humans the use of antibiotics
not only causes an increase in resistant bacteria, but also in the endogenous flora of
these animals. Resistant bacteria from animals, zoonotic bacteria or intestinal flora
can infect or reach the human population not only by direct contact, but also via food
products of animal origin. These resistant bacteria can either colonise the human
humans and/or transfer their resistant genes to other bacteria belonging to the
endogenous flora of man (van den Bogaard and Stobberingh, 2000). A debate exists
over the agricultural use of antibiotics in facilitating the spread of antibiotic resistance
genes through the food chain and into the human intestine. One important fact
remains however, a number of studies indicate a rising level of drug resistance in food
related bacteria, including E. coli 0157:H7 (Schroeder et al, 2002, Zhao et al, 2001,
Khan et al, 2002, Guerra et al, 2003). Multiple resistance remains rare in VTEC
0157, resistance to certain antimicrobials and particularly to sulphonomides and
tetracyclines, is increasing in incidence. As yet resistance to ciprofloxacin has not
been identified in VTEC 0157 from humans in infections associated with foods or
food animals (Threlfall et al, 2000).
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1.7.1: Acquisition of antimicrobial determinants
Antibiotic resistance is the best-known example of rapid adaptation of bacteria to a
new ecosystem. The ability of bacteria to expand their ecological niche, also in the
presence of certain antibiotics, can be explained by the acquisition of resistance genes
by horizontal gene transfer and/or by the accumulation of point mutations leading to
the modification of existing genes (Carattoli, 2001). Antibiotic resistant genes in
Gram-negative bacteria are found on many additional DNA elements such as
plasmids, transposons and more recently integrons. Both the collection of antibiotic
resistance genes and the mechanisms responsible for their mobility appear to be
shared among organisms in relatively distant environments (Sorum and L’Abee-Lund,
2002).

1.7.1.1 Plasmids
Plasmids are circular double stranded DNA molecules that replicate autonomously in
a host cell. They contain genes essential for maintenance functions such as control of
replication. Many plasmids contain genes that are useful not only to themselves, but
also to their host eg. genes controlling drug resistance. These types of genes are
frequently located within transposons (Couturier et al, 1988). Since the R plasmid was
detected in the 1950’s, plasmids carrying drug resistance genes have been detected
from most bacterial groups, indicating a large pool of R plasmids among antibiotic
resistant bacteria (Sorum and L’abee-Lund, 2002). Conjugative R plasmids are
responsible for most of the dissemination of antibiotic resistance genes (Roy, 1999).
They can incorporate and deliver genes by recombination or transposition, thus
favouring genetic exchanges in bacterial populations. Since plasmids can be
introduced into new hosts by a variety of mechanisms, they can be considered to be a

pool of extrachromosomal DNA, which is shared among populations (Del Solar et al,
1998). Transposons are discrete DNA elements, usually integrated into the bacterial
genome, which can transfer from a donor to a recipient by conjugation (Mullany,
2002).

1.8: Epidemiology

1.8.1: Incidence and distribution of E. coU 0157:H7 infection
Human infection by EHEC occurs worldwide. Prevalence is known to be relatively
high in developed nations such as Canada, the United States, Japan and those in
Europe. Infection with Escherichia coli 0157:H7 is more common in the warm
summer months in both the northern and southern hemispheres (Gavin and Thomson,
2004).

Table 1:

Number of reported VTEC 0157 cases in Ireland, 1999-2003.
(www.ndsc.ie)

Year

Number of cases (including non-residents^*)

1999

51

2000

37(42)

2001

50(52)

2002

68(70)

2003

82(86)

cases diagnosed/investigated in Ireland but who are not resident in Ireland.
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Table 2:

Number of reported VTEC 0157 cases, in Northern Ireland
(www.cdsni.org.uk), England and Wales (www.hpa.org.uk) and
Scotland (www.show.scot.nhs.uk), 1999-2003.

Year

No. of reported cases
Northern

England

Ireland

Wales

and Scotland

1999

54

1084

294

2000

54

896

197

2001

46

768

235

2002

27

595

229

2003

53

675

148

The crude incidence rate of Escherichia coli 0157;H7 per 100,000 population in
Ireland in 1996 was 0.22. It continued to rise in 1997 and 1998 to 0.85 and 2.1 per
100,000 population respectively. It dropped to 1.41 and 0.94 per 100,000 population
in 1999 and 2000 (www.ndsc.ie). There was the same number of laboratory reports of
E. coli 0157 in Northern Ireland in 2000 as there was in 1999. Of the 54 reports in
2000, 87% found to be verotoxin-producing. The incidence of VTEC in 2000 in
Northern Ireland was higher than in England and Wales (2.59 per 100, 000 population
compared to 1.70 per 100,000 population), but lower than in Scotland (3.91 per
100,000 population) (www.cdscni.org.uk). Eighty-six confirmed cases of VTEC
0157 infection (2.1 per 100,000 population) were reported in Ireland in 2003, the
highest annual number on record. This compares with provisional incidence rates of
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3.12/100,000 in Northern Ireland, 2.93/100,000 in Scotland and 1.2 in England and
Wales in 2003 (www.ndsc.iel.

STEC infections and outbreaks are less frequent in continental Europe than in North
America or the United Kingdom (Karch et al, 1999). It is unclear whether this simply
reflects

that

these

countries

have

better

developed

epidemiological

and

microbiological investigation infrastructures, necessary to identify outbreaks and
sporadic cases of VTEC infection that might go unnoticed elsewhere (Chapman,
1995). The mean annual incidence of HUS in persons <15 yrs of age in Italy from
1998 to 2000 was 0.28/100,000 population. The results of this 13 year surveillance
indicate that the overall incidence of HUS in Italy is lower than in other Europeon
countries, although a small but steady increase has been observed since 1994 (Tozzi ei
al, 2003). The prevalence of STEC in 5,054 specimens of patients with diarrhea or
other gastrointestinal alterations were analysed from a hospital in Lugo city, Spain.
STEC 0157:H7 was isolated in 0.5% of cases, whereas non-0157 STEC strains were
isolated from 1.7% of cases (Blanco et al, 2004). During 1996 and 1997 around 100
cases of STEC 0157:H7 were identified in Sweden. Since 1998 the number of
domestic cases has decreased to half of that of the preceding years (Ldfdahl et al,
2001). In Denmark between the years 1997 to 2000 an average annual incidence of 1
per 100,000 was reported (Schutez et al, 2001). In a 6 year study in Sweden from
1992-1997 involving 11,076 cases, E. coli 0157:H7 was reported as the pathogenic
agent in 81 cases (Lindqvist et al, 2000).

The overall crude incidence rate of cases of E. coli 0157:H7 infection/100,000
population in the United States in 2003, 2002 and 2001 was 1.1, 1.73 and 1.6
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respectively. The average crude incidence of cases of E. coli 0157:H7/100,000
population between the years 1996-1998 was 2.3. The decline in E. coli 0157:H7
infections in 2003 follows a requirement that manufacturers of raw ground beef
products

must

reassess

their

HACCP

plans

regarding

this

pathogen

(www.cdc.gov.foodnet). From 1996 to 1999, Canadian public health authorities
reported 1,109, 1,273, 1,484 and 1,490 cases of pathogenic E. coli 0157:H7 to the
National Notifiable Diseases Summary (NNDS) program (www.hc-sc.gc.caT
Argentina has probably the highest incidence of HUS in the world, with
approximately 250 cases observed each year, for an incidence of 8 cases/100,000
population in the 0-4 year age-group (Tozzi et al, 2001).

1.8.2: Animal reservoirs
Verocytotoxigenic E. coli can be found in the fecal flora of a wide variety of animals
including cattle, sheep, horses, goats, dogs, birds and flies (Hancock et al, 1998). The
most important animal species in terms of human infection is cattle (Nataro and
Kaper, 1998). E. coli 0157:H7 is virtually ubiquitous in both dairy and beef cattle.
Although early studies appeared to show that the agent was present on a minority of
cattle farms, repeated sampling using sensitive screening methods has demonstrated
that VTEC 0157:H7, is at least occasionally, present on most farms (75 to 90%) in
America and Europe (Blanco et al, 2001). Cattle surveys in North America and the
UK have consistently shown that around 4% of herds are positive for VTEC 0157 at
any given time, although there is great variability within herds (Coia et al, 1998). The
prevalence of E. coli 0157 in animals at slaughter has been well studied. The
following studies indicate the prevalence of E. coli 0157 isolated from cattle faeces
collected directly after slaughter: 2.4% of 250 samples in Ireland (McEvoy et al.
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2003), 4.7% of 3,939 cattle tested at slaughter over a 12 month period in Great Britain
(Paiba et al, 2001), 12.9% of 4,800 samples in South Yorkshire in the U.K. (Chapman
et al, 2001a), 7.5% of 589 samples in Scotland (Omisakin et al, 2003), 17.0% of 100
samples in Northern Italy (Bonardi et al, 2001), 4.2% of 3,330 samples in Turkey
(Yilmaz et al, 2002), 1.7% of 864 samples in Korea (Jo et al, 2004), 28% of 327
samples in the U.S. (Elder et al, 2000). The colonisation of cattle and other domestic
animals with VTEC is generally asymptomatic and transient (less than 1 month), but
can persist in herds over extended periods. Furthermore, excretion in cattle is highest
during summer and early autumn, which coincides with the seasonal peak of human
infections (Karch et al, 1999). The incidence of VTEC colonisation was found to be
significantly higher in younger than in older animals (Griffin and Tauxe, 1991).

The environment, particularly water and feed, seems to play an important role in
VTEC 0157:H7 ecology (Blanco et al, 2001). E. coli 0157 can survive for an
extended period in bovine faeces (Fukushima et al, 1999), providing opportunity for
feed contamination. A US study detected E. coli 0157 in 10.3% of 504 feed samples
tested (Dodd et al, 2003).

The survival of culturable and infectious E. coli 0157 was studied using microcosms
simulating cattle water troughs. E. coli 0157 survived for at least 245 days in the
microcosm sediments, were infectious to 10-week-old calves after 6 months of
survival, which continued to shed the organism for 87 days (LeJeune et al, 2001).
Prevalence of E. coli 0157 isolated from 320 water troughs in northwestern USA was
3.1% (Hancock et al, 1998). Another US study reported water or water-tank sediment
was positive in 13.1% of 3,262 samples analysed (Sargeant et al, 2003). Water trough

sediments contaminated with faeces from cattle excreting E. coli 0157 may serve as a
long-term reservoir of this organism on farms and a source of infection for cattle
(LeJeune et al, 2001).

Effluents from farming operations include raw manure, untreated slurry and treated
slurry. These effluents are often supplied as fertilisers to land used for silage, grazing
or cultivation. Unless properly processed, manure is a potential biohazard capable of
transmitting infective agents, including E. coli 0157:H7 to both humans and animals
(Kudva et al, 1998). E. coli 0157;H7 can survive >226 days at 15*^C in manure
amended autoclaved soil (Jiang et al, 2002). An E. coli 0157:H7 positive manure
pile was culture positive for 47 days, surviving best at temperatures below 23^C, and
at least 100 days frozen at -20^C (Kudva et al, 1998). The long-term survival of E.
coli 0157:H7 in manure emphasises the need for appropriate farm management to
curtail environmental spread of this pathogen (Kudva et al, 1998).

Rainfall may result in pathogen spread into soil by runoff from stores or incorporated
manure or by leaching through the soil profile. Steady rainfall was applied to soil
cores treated with manure and spiked with an E. coli 0157:H7 strain. At 8 h, the
resulting leachate was near the initial inoculum level, as was the pathogen level at
several soil depths after 24 h. Total E. coli 0157:H7 levels exceeded the inoculum
level after 17 days with intermittent rainfall (Gagliardi at al, 2000). Risks of
contamination appears to diminish after the first rainfall event however low numbers
of E. coli 0157:H7 entering soil and untreated drinking water can still be hazardous
due to its low infectious dose (Ogden et al, 2001a). Experiments have demonstrated
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that E. coli 0157:H7 can enter the lettuce plant through the root system and migrate
throughout the edible portion of the plant (Solomon et al, 2002).

1.8.3: Routes of transmission to humans
The analyses of STEC outbreaks mainly by E. coli Oi57:H7 established three
principal routes of transmission (Figure 1.1):
1) contaminated food and contaminated drinking or swimming water,
2) person-to-person transmission, and
3) animal contacts (Karch et a/, 1999).

Figure 1.1:

Model for transmission of E. coli 0157:H7 from cattle to humans
(Gansheroff and O’Brien, 2000).
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1.8.3.1: Foodborne infection
Consumption of raw or undercooked foods of bovine origin, especially undercooked
ground beef and unpasteurised cow’s milk, has been the most common means of
transmitting VTEC organisms in sporadic cases and outbreaks of VTEC infection (de
Boer and Heuvelink, 2001).

Meat becomes contaminated through the transfer of faecal pathogens to the muscle
tissue from faeces on the hide or from the intestine itself during the slaughtering
operation (Bell and Kyriakides, 2002). Subsequent grinding may introduce the
pathogen into the interior of the meat, where E. coli 0157:H7 may survive during
uneven or inadequate cooking, i.e., if the product does not achieve the required
internal temperature->68°C (de Boer and Heuvelink, 2001). This pathogen has been
implicated in a number of high-profile meat related outbreaks. A large outbreak
occurred in Central Scotland in 1996 and was traced to a retail butcher that supplied
both raw and cooked meat. There were 503 cases of E. coli 0157:H7 and 21
associated deaths (Pennington, 1997). A study in the US carried out on 196 outbreaks
revealed that 33.1% and were attributed to ground beef and 2.8% were related to raw
milk. The most high profile outbreak in the US occurred from November through
February 1992, where more than 500 laboratory confirmed infections with E. coli
0157:H7 and four associated deaths occurred in four states. This outbreak was linked
to undercooked beef burgers from a fast food restaurant (Anon., 1993). The
prevalence of E. coli 0157:H7 was investigated in minced beef and beefburgers from
retail outlets throughout the Republic of Ireland, and was found to be 2.8% from
1,533 products tested (Cagney et al, 2004). Similar studies were carried out recently
and reported prevalence levels of 0.12% of 3,450 samples tested in France (Vemozy-
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Rozand et al, 2002), 2.3% of 211 samples tested in Switzerland (Frantelli and
Stephen, 2001) and 3.8% of 160 samples tested in Argentina (Chinen et al, 2001).

Several outbreaks of VTEC 0157 infection have been associated with meat from non
beef sources. Eleven illnesses resulted from consumption of jerky made from deer
meat (Keene et al, 1997), thirty-nine illnesses were reported following the
consumption of salami in Canada (Williams et al, 2000).

Milk is principally exposed to contamination with faecal pathogens from bovine
faeces, which contaminate the teats and udders of the animal and pass into the milk
during the milking stage (Bell and Kyriakides, 2002). An outbreak of Escherichia coli
0157 infection associated with pasteurised milk supply occurred in Scotland in 1994.
One child died, 9 children developed HUS and one elderly person developed
thrombotic thrombocytopenic purpura. (Upton and Coia, 1994). Twenty-five people
became ill with VTEC 0157 from drinking pasteurised milk in Denmark in 2004
(Anon., 2004). In England in 2000, two outbreaks occurred where 6 people became ill
from drinking unpasteurised milk (Anon, 2000a). Three people developed
Escherichia coli 0157 infection from consuming unpasteurised cream in England in
1998 (Anon, 1998a). An outbreak of Escherichia coli 0157:H7 associated with fresh
cheese curds occurred in the US where 12 became ill (Anon, 2000b). A Greek study
detected E. coli 0157:H7 in 1 out of 100 samples of ewes’ milk tested (Dontorou et
al, 2003).

Fruits and vegetables have accounted for a growing number of recognised outbreaks.
The source of contamination was found to be from animal manure used for soil
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conditioning prior to harvesting, or deposition of waste by free-roaming animals (Bell
and Kyriakides, 2002). The largest outbreak of VTEC infection reported occurred in
Sakai, Japan which involved 6,000 cases of hemolytic colitis and more than 100 cases
of haemolytic uremic syndrome. Infection was linked to the consumption of
contaminated radish sprouts in school lunches prepared by a central kitchen (Michino
et al, 1999). A multistate outbreak of VTEC infection linked to alfalfa sprouts grown
from contaminated seeds occurred in the US in 1997 (Anon, 1997). Lettuce was
implicated in another multistate outbreak in 1999, which was traced back to a single
producer (Hilbum et al, 1999).

Although low pH-fruit juices generally will not allow the survival and growth of
Enterobacteriaceae, VTEC 0157 may persist in these products because of its higher
acid tolerance (de Boer and Heuvelink, 2001). An outbreak of Escherichia coli
0157:H7 from unpastureised commercial apple juice occurred in 1996 in western US.
Seventy people were infected, 36% were hospitalised, 20% developed HUS and 1%
died. The contamination source originated from an orchard frequented by deer that
were shedding the pathogen (Cody et al., 1999).

1.8.3.2: Waterborne infection
Waterborne outbreaks of E. coli 0157:H7 infection have occurred as a result of
drinking and swimming in unchlorinated water (Mead and Griffin, 1998). The largest
reported outbreak of water borne E. coli 0157:H7 in the US occurred in 1999,
following a country fair, 128 people became ill after drinking from shallow wells at
the fairground (Bopp et al, 2003). In 1998, 157 people became ill from drinking from
an unchlorinated water supply. The surface water, containing deer and elk faeces
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leached into the towns unconfmed aquifer believed to be contaminated from deer
shedding E. coli 0157:H7 (Olsen et al, 2002). A swimming associated outbreak
occurred in the US where 21 persons were identified with E. coli 0157:H7 after
swimming in a contaminated lake (Keene et al, 1994).

1.8.3.3: Person-to-person transmission
Several outbreaks of E. coli 0157:H7 infection have occurred in day care settings in
which the pathogen was spread by person-to-person. Because of the low infectious
dose of E. coli 0157:H7 person-to-person faecal-oral transmission can easily occur in
settings of poor hygiene and close contacts (Karch et al, 1999). An outbreak occurred
in an Irish creche affecting 10 children and one member of staff. A mild spectrum of
illness was reported (O’Donnell et al, 2001).

1.8.3.4: Contact with animals
Transmission through direct animal contact has been reported in outbreaks and
sporadic infections by E. coli 0157:H7. An outbreak of VTEC 0157 in visitors to an
open farm in North Wales resulted in 17 primary and 7 secondary cases of illness
(Payne et al., 2003).

1.9: Microbiology of E. coli 0157:H7
Most strains of E. coli 0157:H7 possess several characteristics uncommon to other E.
coli. About 93% of E. coli isolates of human origin ferment sorbitol within 24 h,
however E. coli 0157:H7 does not. (Padye and Doyle, 1992). Additionally, more than
90% of E. coli possess the enzyme P-glucuronidase necessary to hydrolyse 4-methylumbelliferyl-D-glucuronide, E. coli 0157:H7 does not. (Doyle et al, 1997 ). Finally,
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E. coli 0157:H7 does not grow well at temperatures above 44°C or 45°C (Doyle,
1991). These three characteristics have been exploited in the development of media
for the phenotypic detection of E. coli 0157:H7.

The survival or potential for growth of E. coli 0157:H7 in foods is influenced by a
range of parameters including temperature, pH, water activity, anti-microbial agents,
the atmosphere in which the food is maintained and the competitive microflora (Duffy
et al, 2001).

1.9.1: Antagonistic growth
Two or more types of microorganisms present in a food can adversely affect the
growth of each other, or one can interfere with the growth of one or more types. This
can occur due to the production of one or more antimicrobial compounds by one or
more strains in the mixed population (Bibek, 1996).

The growth characteristics of the mixed population differ in several respects from that
of a pure culture. Some bacterial species can be in an optimum or near optimum
growth condition leading to that species becoming dominant, due to its shorter
generation time (Bibek, 1996). Growth curves generated for E. coli 0157;H7 in broth
incubated at 37°C in the presence of individual and competing microflora were
investigated. The presence of competitors in the broth had a significant effect on the
growth kinetics of the pathogen. H. alvei significantly inhibited growth (lag phase,
growth rate and maximum population density [MPD]) of E. coli 0157:H7 at 37°C,
neutral pH and outgrew the pathogen under these conditions. In simulated
fermentation broths, the growth rate of E. coli 0157:H7 was consistently slower and

25

the MPD lower in the presence of a competitive microflora than when grown
individually (Duffy et al., 1999).

Void et al (2000) carried out a study investigating the influence of background
indigenous flora on the growth of E. coli 0157:H7 in gi'ound beef Results showed
that the presence of a large number of background bacteria in the ground meat
inhibited the growth of E. coli 0157:H7. The dominating species was Lactobacillus
although the inhibiting background flora also contained antagonistic Gram-negative
bacteria. A study carried out on the survival and growth of E. coli 0157:H7 in
unpasteurised and pasteurised milk revealed that the pathogen grew more slowly in
unpasteurised milk at temperatures of 22"C, likely because of antagonistic activity
from pre-existing bacteria (Wang et al, 1997).

1.9.2: Soil
Soil, especially the types used to grow agricultural produce contains several varieties
of microorganisms. Because they can multiply in soil, their numbers can be very high
(billions per gram). Typical soil bacterial genera include Enterobacter. Pseudomonas,
Proteus, Micrococcus, Enterococcus, Bacillus and Clostridium and the opportunistic
Citrobacter all of which are widely distributed in nature including soil, water and
sewage and the intestines of humans, animals and birds (Bibek, 1996).

1.9.3: Effect of temperature:
Escherichia coli 0157:H7 is unable to grow well, if at all, at 44-45.5*^0 and therefore
is inconsistent with that of other fecal coliforms (Doyle and Schoeni, 1984,
Raghubeer and Matches, 1990). A study involving 18 strains of Escherichia coli
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0157:H7 in EC broth reported growth at 45.5°C and is dependent on the initial
concentration of cells present (Ferenc et al, 2000). Thermal inactivation studies of a
four strain cocktail of E. coli 0157:H7 was determined in 90% lean ground beef. The
D values at 55, 57.5, 60, 62.5, and 65°C were 21.13, 4.95, 3.17, 0.93 and 0.39 min
respectively (Juneja et al, 1997). The minimum temperature for growth was 8-10°C
(Buchanan and Bagi, 1994, Sutherland et al, 1995). The organism can survive well in
ground beef during frozen storage. There was no significant change in numbers of E.
coli 0157:H7 in ground beef frozen as patties at -80"C and at -20°C for up to 9
months (Doyle and Schoeni, 1984).

1.9.4: Effect of pH:

Unlike most foodbome pathogens, E. coli 0157:H7 is exceptionally tolerant to acidic
environments. It has the ability to survive in acidic conditions (pH >4.0) for up to 56
days, but survival is affected by differences in test strains and growth and storage
temperature (Conner and Kotrola, 1995).

E. coli 0157:H7 are influenced by the type and concentration of acidulant as well as
pH. The behaviour of E. coli 0157:H7 in TSB acidified with lactic acid was different
than TSB acidified with acetic acid. This suggests that this acid may have a different
mechanism to inactivate cells, and that acid tolerance responses (ATR) in E. coli
0157:H7 are influenced by the type and concentration of acidulant as well as pH (Ryu
and Beuchat, 1998). The major acid in cider is malic acid. Growth studies indicated
that at pH 4.0, malic acid was inhibitory to E. coli 0157:H7 at 37°C. Cells however
remained viable for 24 h (Ryu et al, 1998). Acid-adapted E. coli 0157:H7 cells are
more tolerant to an acidic environment (pH 3.9) containing lactic acid than are acid
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shocked cells, which are in turn are more tolerant than control cells (Ryu and Beuchat,
1998).

E. coli 0157:H7 strains are able to survive to higher viable numbers in apple juice
stored at refridgerated temperatures, whereas at room tem.perature the populations
decline (Janes et al, 2002). Lin et al, (1996) hypothesised that E. coli 0157:H7 acid
resistance develops in the intestinal tracts of cattle and this resistance persists during
periods of cold storage following slaughter and processing. Upon ingestion days or
weeks after the initial contamination the acid resistant organisms will still survive the
gastric acidity barrier (pH 2.0) of humans. Studies were carried out in vitro and
indicated acid resistance can persist for long periods during refridgeration, leaving the
organism prepared to survive gastric acidity. An acid resistant enteric pathogen such
as serotype 0157 can reach the tract with a low population number (Lin et al, 1996).
Six E. coli 0157:H7 strains were tested for their ability to survive in acid pH at 37°C.
No loss of viability was observed in strains at pH 3.0 for at least 5 h (Benjamin and
Datta, 1995). Studies involving inoculating E. coli 0157:H7 at an initial inoculation
of 10^ organisms per ml into 6 unrelated unpasteurised apple cider at pH 3.6 and
retaining samples at 8°C resulted in its survival from 10 to 31 days depending on the
lot (Zhao et al., 1993). The pathogen showed extraordinary tolerance to the low pH of
apple cider (3.9) and orange juice held at 5°C for up to 42 days (Ryu and Beuchat,
1998).

E. coli 0157:H7, when inoculated at high levels, survived in mayonnaise (pH 3.6 to
3.9) for 5 to 7 weeks at 5°C and for 1 to 3 weeks at 20°C (Zhao and Doyle, 1994).
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The ability to withstand low pH conditions may explain in part the survival of this
pathogen in certain fermented products. The viability of a cocktail of serotype
0157:H7 strains of E. coli in summer sausage manufactured by using conditions that
mimic what is practised by the sausage making industry was determined.
Fermentation at 41®C for 8 h to pH 4.6 yielded a 1.39-log-unit reduction in 0157
numbers. To obtain a 5 log mandatory decrease subsequent heating to an internal
temperature of 54“C reduced pathogen numbers to non-detectable levels by direct
plating (Calicioglu et al, 1997).

1.9.5: NaCl and dehydration:
E. coli 0157:H7 does not have an unusual salt tolerance (Doyle and Schoeni, 1984).
The maximum NaCl concentration that permits growth in media is 6% (Sutherland et
al, 1995).
This organism has the ability to survive well in dry foods. The minimal Aw for
microbial growth of E. coli at optimum growth temperatures is 0.95. Food
composition can influence the microbial death rate even at the same Aw. At Aw =
0.33, E. coli counts reduced by logio 2.8 in ice cream powder, logio 4.8 in dried
potatoes, but over logio 6 in coffee (Bibek, 1996). The Aw of commercial infant rice
cereal ranged from 0.35 to 0.40. The survival of E. coli 0157:H7 in 9 dry foods e.g.
buttermilk powder, decreased as the Aw decreased from 0.73 to 0.35 ±0.04. After 5
weeks of incubation at 35^C, initial populations 6.10 logio cfti/g, E. coli 0157:H7
were below detectable levels (<10cfu/g) by direct plating. Some cells may have been
injured due to acid shock and entered a viable but non-culturable state. The pathogen
tolerated low Aw values in these dried foods for various lengths of time, depending on
the storage temperature, with an order of survival of 5°C>21°C>37^C. Growth
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occurred in cereal reconstituted with milk at all test temperatures i.e. 15, 21 and 30°C
(Deng et al, 1998).

1.10: Infectious dose
Retrospective analysis of foods associated with outbreaks of E. coli 0157:H7
infection revealed that the infective dose was low. A large outbreak occurred in
western USA associated with eating ground beef patties at a fast-food chain restaurant
and provided evidence that the infective dose of Escherichia coli 0157:H7 may be
fewer than 700 organisms and may be fewer due to cooking of patties before
consumption (Tuttle et al, 1999). A study that evaluated the production of dry
fermented salami associated with an outbreak of E. coli 0157:H7 infection in
Washington State and California suggested that the infectious dose was smaller than
50 E. coli 0157:H7 bacteria (Tilden et al, 1996). Person-to-person transmission of
the organism indicated that the infectious dose was low (O’Donnell et al, 2001). The
ability of the pathogen to tolerate acidic conditions likely enables E. coli 0157:H7 to
survive the acidic environment of the stomach (Doyle et al, 1997).

1.11: Clinical manifestations of E. coli 0157 infection
1.11.1: Nature of Disease
Three principal manifestations of illness have been attributed to E. coli 0157:H7:
hemorrhagic colitis, haemolytic uremic syndrome, and thrombotic thrombocytopenic
purpura (TTP). Symptoms of hemorrhagic colitis include a prodromal phase
consisting of crampy abdominal pain followed within 1 to 2 days by a non-bloody
diarrhea which progresses within 1 to 2 days to bloody diarrhea that lasts for 4 to 10
days (Doyle et al, 1997). Vomiting may occur, but there is little or no fever (Padye
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and Doyle, 1992). In most patients, the bloody diarrhea will resolve without any
apparent sequelae, but in about 10% of patients younger than 10 years, the illness will
progress to HUS (Nataro and Kaper, 1998).
HUS is the leading cause of acute renal failure in children and follows a diarrheal
prodrome about 90% of the time (Siegler, 1995). HUS is characterised by the triad of
microangiopathic haemolytic anemia, thrombocytopenia and renal failure (Kuntz and
Kuntz, 1999). Other HUS-associated complications may include seizures, coma,
stroke, colonic perforation, pancreatitis and hypertension (Buchanan and Doyle,
1997). Mortality is approximately 5%, and approximately 10% of survivors are left
with severe sequelae. A much larger number (30%-50%) experience mild chronic
renal failure (Siegler, 1995).
TTP largely affects adults and resembles HUS histologically (Doyle et al, 1997). The
central nervous system is involved and symptoms include microangiopathic
haemolytic uremic syndrome, profound thrombocytopenia, fluctuating neurologic
signs, fever and mild azotemia. Patients often develop blood clots in the brain and
death usually results (Padye and Doyle, 1992).

1.11.2: Treatment for infection with E. coli 0157:H7
Management of patients with E. coli 0157:H7 infection is supportive. Patients with
documented infection should be monitored for dehydration and for pallor, sudden gain
in weight, oliguria, and other signs of symptoms that may suggest HUS (Mead and
Griffin, 1998). Management of HUS is supportive and includes meticulous attention
to fluid and electrolyte balance; dialysis is often necessary (Boyce et al, 1995).
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The usefulness of antimicrobial therapy for VTEC infections is controversial and
unresolved. Antimicrobials may lyse bacterial cell walls, thereby releasing verotoxins
(Karch et al, 1999, Grif et al, 1998), and/or cause increased expression of verotoxin
genes (Zhang et al, 2000, Kimmit et al, 1999). Mice colonised with E. coli 0157:H7
were given ciprofloxacin or fosfomycin. These antibiotics are the most frequently
prescribed for the treatment of diarrheal diseases in adults. Both antibiotics caused a
reduction in faecal STEC. However, animals treated with ciprofloxacin had a marked
increase in free faecal verotoxins. This was associated with death in two-thirds of the
mice, whereas fosfomycin did not (Zhang et al, 2000). Antibiotic administration
therefore would increase the level of toxin in the intestine increasing the amount of
toxin absorbed into the circulation thus increasing the risk of the haemolytic-uremic
syndrome (Zirnmerhackl, 2000). A prospective cohort study of 71 children younger
than 10 years of age who had diarrhea caused by E. coli 0157:H7 was conducted to
assess whether antibiotic treatment increased the risk of developing HUS. Results
indicated that 10 children developed HUS, 5 had received antibiotics. The
recommendation was that antibiotics were not to be administered to children once
diagnosed with E. coli 0157:H7 infection (Wong et al, 2000).

Some studies have been carried out suggesting that antibiotic therapy used in the early
stages of infection was able to prevent the progression of disease to HUS. Results
indicated that oral fluorquinolone therapy administered within 3 days of illness is
effective in preventing the development of HUS (Shiomi et al, 1999, Ikeda et al,
1999). In the study carried out by Shiomi et al, (1999), no control group existed which
received no antibiotics, therefore, a comparative study could not be made, leading to
possible ambiguity of results.
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Probiotic usage has been doeumented for the treatment of infeetion with E. coli
0157;H7. The protective effeets of the probiotic Bifidobacterium lactis HN019
against E. coli 0157:H7 were investigated in murine infeetion models. Results
showed that HNOl9-fed mice maintained significantly higher post-challenge feed
intake and exhibited a lower cumulative morbidity rate, compared to control mice
which did not receive the antibiotic, suggesting the test population had enhanced
immune protection conferred by the probiotic (Shu and Gill, 2001). A similar study
was carried out using the probiotic Lactobacillus rhamnosus HNOOl. Results
indicated that the test population of mice fed the probiotic displayed enhanced
humoral and cellular immune responses (Shu and Gill, 2002).

Paton et al, (2001) constructed a recombinant bacterium displaying a verotoxin mimic
on its surface that neutralised verotoxins with high efficieney, thereby completely
protecting mice from challenge with virulent STEC. This study was developed by
administering formaldehyde killed receptor mimic bacteria to mice, as these are likely
to be safer for humans. The killed bacteria completely protected STEC-challenged
mice when administered three times daily. Commencement of therapy immediately
after challenge was 100% protective, but in the human setting such early intervention
will be possible only for contacts of patients with confirmed cases, who have not yet,
or have only just, become infected with STEC.

Much work still needs to be done to devise specific therapies to halt the progression
of HUS. It remains to be determined whether the syndrome can be prevented by
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reductions in the absorption of toxins with receptor antagonists or toxin binders or
non-specific antibodies (Zimmerhackl, 2000).

1.12: Detection of E. coli 0157:H7 in food
In common with other foodbome pathogens, the detection and isolation of E. coli
0157:H7 from foods requires a specialist approach. The bacteria may be present in
very small numbers in a highly competitive microbial environment. Pathogen
recovery may be difficult due to matrix constitution. The successful application of
some procedures may be hindered due to interference from fats and oil. Cells may
also be stressed or injured. Standardised methods by the International Organisation for
Standardisation (ISO) are specific and sensitive, having a sensitivity of <1 cfu/g of
food. In these testing schemes, assay speed is sacrificed making such testing
impractical for routine large-scale food industry use. A rapid assay using ORIGEN™
technology was validated against a horizontal method for the detection of E. coli
0157 as recommended by the ISO.

1.12.1: Electrochemiluminescence (ECL)

1.12.1.1: Overview
Traditional methods for the detection of viable enterohemorrhagic E. coli rely on
enrichment and plating followed by biochemical and serological characterisation.
Such methods are not only time consuming and laborious, they lack sensitivity and
are not quantitative (Shelton et al, 2003). IM-ECL assays in food samples not only
are sensitive but also can be performed in under an hour of total reaction and assay
time (Yu and Bruno,

1996).

Since the
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1960’s researchers have studied

electrode

and

homogenously

in

solution

electrode

(Yang

et

al,

1994).

Electrochemiluminescence is a detection technology that is capable of quantifying the
binding of any two molecules that come together with specificity (Williams, 1996).
These reactions require the critical alignment of three constituents in order to occur

A precursor molecule, TPA (Figure 1.2), must first diffuse to an electrode surface in
order to be activated. This association with the electrode results in a very fast electron
transfer reaction. The transfer initiates the excitation of a reporter molecule
Ru(bpy)3

(Figure 1.2), that is also in close association with the electrode which

ultimately results in the emission of a photon of light at a specific wavelength (Yang
et al, 1994, Williams, 1996, Carlowicz, 1995).

1.12.1.2: Chemistry

The heart of the technology is Ruthenium( 11) tris (bipyridyl), Ru(bpy)3^^. Assays are
formatted using detection molecules labelled with Ru(bpy)3“ which form complexes
with the analyte of interest. These complexes are captured by paramagnetic beads,
which can be coated with a variety of molecules (e.g. strepavidin, species specific
antibodies). In order to generate light, the Ru(bpy)3
electrode to form a strong oxidant Ru(bpy)3

is oxidised at the surface of the

(Figure 1.2). In addition to the label,

tripropylamine (TPA), present in the ORIGEN"^^ assay buffer is also oxidised at the
electrode to form the cation TPA"^ that spontaneously loses a proton to form the
radical TPA . Ru(bpy)3 , a strong oxidant, and TPA , a strong reductant, react to
form the excited state of Ru(bpy)3‘' which decays releasing a photon at 620 nm
(Kibbey and Olson, 1996).
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Figure 1.2:

Electrochemiluminescence detection mechanism:

ORIGEN Technology
Electrochemiluminescence Detection Mechanism
The labeled componeat is
captured on the surface of an
electrode by a magnet. TPA is
introduced into the flow cell
and a voltage applied. The
voltage oxidizes both the
ruthenium and the TPA.
TPA transfers an electron to the
ruthenium ion, the ruthenium
decays, releasing a photon in the
process. The reduced ruthenium
is recycled, and therefore,
continues to produce light.

Photon (620 nm)
Ru(bpy)3

Ru(bpy)3*

The TPA and ruthenium together
intensify and amplify the
electrochemiluminescence signal

Figure 1.3:

Photograph of the ORIGEN"^^ Analyser.
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TPA*

1.12.1.3: Instrumentation
IGEN’s ECL analyser system contains an electrochemical flow cell with a
photomultiplier tube placed just above the working electrode for efficient light
detection. In order to deliver the molecule of interest to the electrode surface,
magnetic bead tagging has been incorporated into the systems design (Yang et al,
1994).
In a typical immunoassay, anti-target antibodies are bound to magnetic beads. In this
assay, biotinylated capture anti-E’. coli 0157 polyclonal antibodies conjugated to
spherical 2.8 pm diameter strepavidin coated paramagnetic beads were used. These
beads allow reproducible dispersion on the electrode also achieving rapid separation
with a relatively weak electric field (Bruno, 1997). The paramagnetic magnetite
(Fe304) is magnitizable in the presence of an external field but not in its absence
(Peruski and Peruski, 2003). Subsequently, anti-E. coli 0157 antibodies recognising a
different epitope on the same E. coli 0157 antigen, are made into reporter molecules
by attaching the ECL label - Ru(bpy)3‘' (Figure 1.4). Incubating the target molecule
with both antibodies results in a “sandwich”- the two antibodies attaching to the target
0157 antigen at different sites (Yang et al, 1994).

At the end of the incubation, the ORIGEN’^'^ analyser sequentially aspirates TAGlabelled immune complexes, which are then drawn into the flow cell and mixed with a
buffer solution containing a precursor (Kijek et al, 2000, Yang et al, 1994). A magnet
attracts the TAG-labelled immune complexes bound to the magnetic beads and brings
them within close proximity of the electrode, where they are captured and
immobilised (Kijjek at al, 2000). A voltage is applied to the electrode for less than 1
sec (Williams, 1996). The photons emitted during the oxidation-reduction cycle are
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quantified by a photomultiplier tube (Kibbey, 1996). The amount of light produeed is
directly proportional to the amount of analyte on the surface of the electrode
(Carlowicz, 1995). The remaining unreacted compounds in the flow cell that have not
been washed away are not contributing to the signal (Williams, 1996). The electrode
is then washed and the instrument (Figure 1.3) is prepared for the next detection cycle
(Kibbey, 1996).

1.12.1.4: Applications of ORIGEN™ technology
Particulate analytes such as viruses, bacteria and membrane fragments with markers
can be quantified using the ORIGEN^^ analyser

Figure 1.4:

Binding interactions using IM-ECL technology

ORIGEN® Technology
Binding Interactions

Biotinylated
Capture
Antibody

Analyte

/

Streptavidin Coated
Paramagnetic
Bead

Ru(bpy)j*^
Labeled
Anti body
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The clinical applications for ECL, are limited only by the imagination of the chemist.
As long as a clinical analysis can be based on tagging a molecule, ECL can be applied
(Carlowicz, 1995). Clinical immunoassays developed using this system include
cancer, hormone, therapeutic drugs and infectious disease markers. Hormones and
antibiotics have been measured directly from whole blood, milk, meat and cheese
extracts, as well as culture broths (Williams, 1996). Yan et al, (2004) developed an
IM-ECL assay to detect the antibody, p53, in human sera. Results indicated that the
p53 antibodies can be reproducibly detected at concentrations as low as 10 pg/ml.
Nucleic acid hybridisation-based assays, similar to the formats described for
immunoassays have also been developed (e.g. HIV detection). In each of these cases,
nucleic acids were amplified by using polymerase chain reaction (PCR) or nucleicacid sequence-based amplification (NASBA). Many new applications will result from
continues ECL basic research and the availability of new ECL based instruments
(Yang et al, 1994).

The ECL assay format has been used by several groups to detect biological warfare
agents. Staphloccocol enterotoxin B (SRB) was detected in a range of different
biological matrices. The sensitivity of this assay was 1 pg of enterotoxin per ml of
serum, urine, tissue, or buffer and was highly reproducible (Kijek et al, 2000).
Sensitive detection of at least 100 B. anthracis

spores by using the ORIGEN'^'^

analyser approach was reported (Gatto-Menking et al, 1995). In addition, the current
ORIGEN^”^ analyser is field portable and IM-ECL assays can be lyophilised for field
use with virtually no loss of ECL activity (Bruno, 1997).
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A number of authors have reported sensitive IM-ECL assays for baeterial detection in
a variety of matrices such as food and water. IM-ECL is a rapid and sensitive
technique for preliminary bacterial detection that is sensitive to a level of at least 10
to 10 bacteria per ml in various matrices and depends heavily on antibody affinity
and avidity (Bruno, 1997). It should be emphasised that the IM-ECL provides a semiquantitative assessment of bacterial numbers. It is true that not all bacteria are
captured on the surface of antibody-coated magnetic beads and therefore cannot be
captured on the magnetised anode and will therefore not contribute to the overall
signal (Yu and Bruno, 1996). Detection limits of 100 and 1,000 E. coli 0157 cells/ml
in buffer and various food samples respectively were achieved. Fresh ground beef,
fish-salmon and trout, poultry, orange and apple juices and whole, 2% fat, and
skimmed milk were tested (Yu and Bruno, 1996). E. coli 0157:H7 was detected in
ground beef samples with an initial inoculum of 0.05 cfu of the bacterium per gram
after an enrichment of 18 h at 37°C using IM-ECL (Crawford et al, 2001). A protocol
for the quantitative detection of E. coli 0157 in raw and concentrated surface waters
using IM-ECL was developed and optimised. Validation studies indicated the
potential sensitivity of the assay is ca. 25 E. coli 0157 cells/ml of raw water, 25
cells/100ml of 100-fold concentrated water, or 1 to 2 viable cells/1 with concentration
after enrichment (Shelton and Kams, 2001).

1.12.1.5: Factors leading to enhancement of the ECL signal
Natural fluorescence from biological samples is minimal in ECL assays. However,
some chemical reagents, such as proline, oxalate, gentamicin, NADH and
streptomycin could cause electron transfer during the Ru(bpy) 3 oxidation (Yu,
1996). Fish and come environmental water samples yielded inordinately high
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background ECL values compared with the ECL values obtained in PBS or IGEN
assay buffer. This could possibly be due to high residual levels of certain redox
components, including NADH and amino acids. Alternatively, the higher ECL
background may be due to trace levels of free or chelated heavy metals capable of
undergoing ECL. Finally, the elevated background in fish and other samples may be
due to some unknown biochemical which causes increased absorption of the
Ru(bpy)3^^ labelled antibody to the magnetic beads (Yu and Bruno, 1996).

A gradual increase in ECL values associated with ECL reading of buffer blanks over
time was observed. The cause of this phenomenon was not completely understood
(Deaver, 1995). Higher concentration of Tag-Ru(bpy)3

labels in ECL assays

nonnally results in increasing ECL, decreasing ECL sensitivity. Over long incubation,
the Tag-Ab potentially could adhere to the magnetic particles. This may explain why
the negative controls of ECL results increased during the longer incubations (Yu,
1996).

1.12.1.6: Factors leading to diminution of the ECL signal
At high antigen loading, the immunological “hook” or zone of high antigen effect is
in evidence. This effect is common to all immunoassays that exceed the linear
dynamic range and results in a reduced ECL intensity at very high antigen
concentrations (Bruno, 1997). This “hook” effect was observed at 10“^ or 10^ E. coli
0157:H7 per ml in PBS (Yu and Bruno, 1996). Concentration curves generated from
Staphloccocol enterotoxin B (SEB) standards produced consistently wide linear
ranges (0.1 to 100 ng/ml). At concentrations greater than 100 ng/ml, the hook effect
occurred (Kijek et al, 2000). An IM-ECL assay for Bacillus anthracis spores observed
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the same phenomenon where the ECL signal was a funetion of analyte quantity over
several orders of magnitude, but the “hook” effect made quantitation impossible over
a broader range (Gatto-Menking et al, 1995). The “hook effect” may be overcome by
analysis of serial antigen dilutions (Bruno, 1997). The diminished signal at high
antigen loads may be due to physically overloading the ECL flow cell, wherein
absorption of ECL-generated light by excess bacteria leads to lower than expected
ECL intensity values (Kijek et al, 2000, Gatto-Menking et al, 1995).

Milk caused a significant reduction in the ECL signal expected for these samples by
comparisons to results in PBS. IM capture of bacteria in milk appeared to be impeded
by entrapment of the magnetic beads and bacteria in lumps of lipid or perhaps casein,
as observed by microscopy. This may be attributed to high concentrations of
anticoliform antibodies in milk (Yu and Bruno, 1996). The ECL signal would
decrease by 70% (Yu, 1998).

It was also anticipated that molecular competition among antibodies, caused by the
use of the same polyclonal antiserum for capture (biotin labelling) and reporting
[Ru(bpy)3

tagged] in the sandwich IM format (Figure 1.4), might reduce the ability

to detect bacteria (Yu and Bruno, 1996). In current ECL assays for bacterial cell
capturing, a biotin-Ab is allowed to interact with antigens prior to adding the
Ru(bpy)3“ tagged antibody, enabling to perform the optimal immunoassay with only
one antibody which has the best affinity constant (Yu, 1996). Further research is
required with a wider selection of antibodies to evaluate competitive binding (Shelton
et al, 2003).
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1.12.1.7: False positive ECL signals due to cross-reactivity of E. coli 0157 with
organisms sharing similar antigenic structures
Quantitative detection of E. coli 0157:H7 in enriched water samples and food
matrices requires that antibodies selectively binds low numbers of E. coli 0157:H7
cells amidst a large background of non-0157 cells. Other investigations have reported
cross-reactivity between commercial polyclonal E. coli 0157 beads and non-0157
strains (Lior et al, 1987, Borczyk et al, 1990) and this will be discussed later. The
binding avidity of Escherichia coli 0157:H7 to monoclonal antibodies in the presence
of background bacteria was investigated. Several strains (K. pneumoniae, K. oxytoca,
E. cloacae) were isolated from enriched water samples by IMS techniques using the
same IM beads as for IM-ECL analysis. These background bacteria were observed to
inhibit recoveries of lO"^ E. coli 0157:H7 cells by up to 90%. None of these strains
gave a positive IM-ECL signal, indicating that attachment to anti-0157 monoclonal
IM beads during the capture phase was non-specific (Shelton et al, 2003).
Investigations on food isolates positive using IM-ECL revealed that toxigenic E. coli
0157 was not isolated from any of these samples. Further investigation of
presumptive positive samples showed the presence of serologically cross-reacting
non-toxigenic strains of E. coli and other genera (Wood et al, 2001).

Reports in the literature of the serological cross-reactions between E. coli 0157:H7
polyclonal antisera and unrelated Gram-negative bacteria have continued to emerge
(Lior et al, 1987, Borczyk et al., 1990, Semowski and Ingham, 1992, Rice et al, 1992,
Bettiehein et al, 1993, Park et al, 1998). The clonal nature of serotype 0157:H7 has
facilitated its phenotypic identification. Although extremely useful, isolating and
identifying the pathogen exclusively on the absence of sorbitol fermentation has some
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limitations (Feng et al, 1995). Non-sorbitol fermenting isolates agglutinating strongly
in E. coli antiserum and submitted for further confirmation indicated that these
isolates were Escherichia hermanii (Lior et al, 1987, Borczyk et al, 1990). Fifteen
isolates from 42 presumptively positive as E. coli 0157:Ft7 were falsely identified.
Six were identified as Hafnia alvei and nine were not identifiable (Semowski and
Ingham, 1992). Four isolates of E. hermanii showing phenotypic similarity to E. coli
0157, such as non-sorbitol fermenting properties, cross-reacted to latex particles
coated with specific rabbit antibody reactive with the 0157 antigen (Rice et al, 1992).
A biochemically typical strain of Citrobacter freundii was isolated from an infant who
had died of sudden infant death syndrome. On primary isolation, this strains
morphology on MacConkey agar did not distinguish itself from a typical E. coli
strain. Therefore, biochemical and serological investigations were carried out
concurrently. This non-toxigenic strain exhibited the 0157 antigen and had a positive
reaction in an E. coli 0157 latex test (Bettlehein et al, 1993). A Citrobacter sedlakii
strain was isolated from a stool from a patient who had developed a diarrheal illness
which also expressed the E. coli 0157 antigen (Park et al, 1998).

The 0157 antigen is chemically defined as a polysaccharide composed of repeating
tetrasaccharide units. Clinical isolates of E. hermanii showed serological cross
reaction with polyclonal

antisera to the 0-polysaccharide portion of the

lipopolysaccharide of E. coli 0157 strains and with antisera to the O-antigens of
Brucella abortus and Brucella melitensis. Magnetic resonance showed structural
similarities and these were found to be associated with the presence of N-acyl
derivatives

of 4-amino-4,6-dideoxy-D-mannopyranosyl

residues

in

the

O-

polysaccharide portions of their respective side chains (Perry and Bundle, 1990). C.
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freundii OCU158 is a serologically cross-reactive strain with E. coli 0157:H7. The
structure and serologic properties of 0-specific polysaccharide of both strains were
examined by chemical and nuclear magnetic resonance analyses, and were found to
be identical. The enzyme immunoassay using LPS derived either from E. coli
0157:H7 or from C. freundii could equally detect high levels of serum antibodies
against LPS in patients with E. coli 0157:H7 infection (Nishiuchi et al, 2000). The
same findings were reported in a similar study, where the antigenic structure of C.
sedlaki was reported to be identical to that of E. coli 0157:H7. An interesting
example of structural mimicry with a bacterial polysaccharide antigen was observed
when the LPS of a cross-reacting strain of C. freundii was studied. Although showing
strong cross-reactivity with E. coli 0157 O antigen, it had its own unique structure
differing from that of E. coli 0157;H7 antigen and did not contain the residue which
has been implicated as the epitope involved in previously examined Gram-negative
bacteria (Vinogradov e/^2/, 1998).

It is clear, therefore, positive test results of food samples tested with assays that use
anti-0157 sera should be confirmed by other methods. It is unclear to what extent
competitative binding can be mitigated through the use of more selective antibodies.
Obviously strain specific monoclonal antibodies for the virulent enteric pathogens are
desirable but will only serve to refine the current IM-ECL method (Yu and Bruno,
1996). Improvement of antibody biotinylation, magnetic particle selection and
reducing non-specific binding has enhanced sensitivities up to ten fold (Yu, 1996).
Additional biochemical and/or toxicity testing is needed when isolates react with
0157 reagents. Even when sorbitol negative isolates are recovered, it is prudent to
identify these biochemically before testing for the 0157 antigen (Sordillo et al, 1998).
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1.12.2: International Organisation for Standardisation (ISO) Method-ISO 16654
The horizontal method for the detection of E. coli 0157 in food involves enrichment
of the test portion homogenised in modified tryptone soya broth containing
novobiocin (mTSB + n) with incubation at 37*^0 for 6 h and 18-24 h. The pathogen is
then concentrated and separated by means of immunomagnetic particles coated with
antisera to E. coli 0157. This is followed by isolation by subculture of the
immunomagnetic particles with adhering bacteria onto cefixme tellurite sorbitol
MacConkey agar (CT-SMAC) and a second selective isolation agar, in this case
Rainbow agar. After 18-24 h incubation colonies typical of E. coli 0157 on both agars
are confirmed using biochemical tests and agglutination with E. coli 0157 antiserum.
Confirmation of the presence of E. coli 0157 is obtained within 3 days.

1.12.3: Culture-based methods

1.12.3.1: Enrichment culture
E. coli 0157;H7 may be present in low numbers, often in the presence of high
numbers of competitor organisms including strains of non-pathogenic E. coli and
closely related bacteria. It is therefore essential to increase the numbers of target
VTEC to detectable levels while inhibiting the background flora (Baylis et al, 2001,
Chapman et al, 2001b).
The selective enrichment media used include modified TSB with vancomycin,
cefsulodin and cefixme (EEB) (Weagant et al., 1995), modified buffered peptone
water (mBPW) (Chapman et al, 1994) and lauryl tryptose broth (Fratimico et al,
1992). Two of the most successful enrichment media used for E. coli 0157 and other
VTEC are tryptone soya broth (TSB) and E. coli broth (EC), supplemented with
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selective agents, with or without modifications to their original formulation (Baylis et
al, 2001). TSB is modified by the addition of 1.5 g/1 bile salts no. 3 and 1.5 g
dipotassium phosphate (Doyle and Schoeni, 1987). This media is made more selective
by the addition of the antibiotic novobiocin at 20 mg/1. The protocol accepted as a
draft International Standard by the International Organisation for Standardisation
indicated that this was the most efficient selective enrichment broth for enhancing the
growth and recovery of multiple test stains of 0157 VTEC and non-0157 VTEC from
a range of food stuffs (Scotter et al, 2000). While the concentration(s) and
combination(s) of selective agents used are important, incubation temperature also has
a significant effect on the efficiency of enrichment media (Baylis et al, 2001). Foods
likely to contain relatively low numbers of competitor organisms can be incubated at
37°C, though enrichment at 41-42"C is preferred and considered more selective, as
fewer non-target bacteria grew (Bolton et al, 1996, Weagant et al, 2001, Ogden et al,
2001b). Incubation times ranged from 6 to 24 h, depending on the food type. There
was no significant improvement in detection for milk after 6 h. For other food types,
incubation for 18-24 h did increase the detection rate, in particular, with the food
types containing stressed cells (Scotter et al, 2000, Ogden et al, 2001). Following
enrichment, enumeration of the target organism can be carried out by plating onto
solid media, or carrying out IMS subsequent to plating to increase the likelihood of
detecting the organism.

1.12.3.2: Plating media
Typical strains of 0157 STEC, unlike the majority of E. coli strains, do not ferment
sorbitol within 24 h and are P-glucoronidase (GUD)-negative; these differential
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characteristics are applied in several 0157 STEC isolation media (de Boer and
Heuvelink et al, 2000).
The first screening media developed for E. coli 0157:H7 detection exploiting the
organisms inability to ferment sorbitol was Sorbitol MacConkey agar (SMAC). E.
coli 0157:H7 appears colourless on this medium (March and Ratman, 1986).
However, this medium also supports the growth of other non-sorbitol fermenters such
as Proteus spp., Aeromonas spp., and some other E. coli strains (de Boer and
Heuvelink, 2000). To suppress the growth of competing microflora, cefixime and
rhamnose was added to improve the selectivity of SMAC, resulting in CR-SMAC
(Chapman et al, 1991). Selectivity was further increased by the addition of potassium
tellurite that permitted the growth of E. coli 0157:H7 and Shigella sonnei but partially
or completely inhibited the growth of 67% of other E. coli strains and all or most of
other non-sorbitol fermenting species tested (Zadik et al, 1993).

The improved

selectivity of Cefixime-Tellurite (CT)-SMAC has been important in recovering E. coli
0157;H7 from matrices with high levels of competing microflora, but has not been
totally successful, phenotypically similar species sorbitol negative isolates must be
serologically confirmed with 0157 antisera (Bolton et al, 1996, Cagney et al, 2004,
Feng, 1995).

The majority of E. coli 0157:H7/H' isolates do not possess GUD activity (Baylis et
al, 2001). A relatively new medium, Rainbow^”^ Agar (R.A.) 0157, has been
introduced to the market by Biolog, Inc. (www.biolog.com). This medium contains
chromogenic substances, specific for two enzymes, usually associated with E. coli.
The substrate for p-galactosidase is blue-black and that for P-glucoronidase is red.
Depending on the strain of E. coli, colonies ranging from pink, through purple, violet.
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blue to a steel black are obtained. According to the manufacturers, strains of EHEC
0157;H7, which are characteristically glucuronidase-negative, form distinctive
charcoal grey or steel black colonies (Bettelhein, 1998). R.A. was found to be
selective and sensitive for the screening of E. coli 0157 from artificially and naturally
contaminated samples (Radu et al, 2000). A comparative evaluation of different
chromogenic/fluorogenic media for detecting E. coli 0157:H7 in food was carried
out. Growth of 466 strains of Gram-negative rods isolated from food samples and 46
known strains from culture collections were readily isolated and recognised uniquely
by their typical black/grey colonies. None of the 60 food samples tested yielded E.
coli 0157:H7. Examination of the food samples, showed R.A. gave the lowest
number of false positives. The percentages were R.A. (2.1%) and SMAC (57.3%)
(Manafi and Kremsmaier, 2001). The sensitivity of 26 different isolation methods
were evaluated for the isolation of E. coli 0157 from naturally infected bovine faeces.
In this study R.A. was a more sensitive plating medium than CT-SMAC but the
difference was not significant. R.A. plates allow a much easier identification of
suspected colonies when a sample contained substantial contaminating flora (Tutenel
et al, 2003). Rainbow Agar showed good results for isolation when the background
flora was low, or when E. coli 0157 was present as a high proportion (e.g. 5%)
(Manafi, 2000). To increase the selectivity of R.A. novobiocin can be added at a
concentration of 30 p/ml to increase the selectivity of the medium (Novicki et al,
2000).

1.12.3.3: Biochemical methods
API 20E is an identification system for Enterobacteriaceae and other non-fastidious
Gram-negative rods which uses 21 standardised and miniaturised biochemical tests
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containing dehydrated substrates. These tests are inoculated with a bacterial
suspension that reconstitutes the media. During incubation, metabolism produces
colour changes that are either spontaneous or revealed by the addition of reagents.
Reactions are read according to the Reading Table and the identification is obtained
by referring to the Analytical Profile Index. The API 20E has gained widespread
acceptance and use and has been used as the comparison standard in other evaluations
(Overman et al, 1985), but the system is not as accurate as the conventional
biochemical method of identification (O’Hara et al, 1992). The accuracy of the
system was compared with conventional biochemical tests by using 291 typical and
atypical strains of the Enterobacteriaceae family taken from a culture collection. At
24 h, the API 20E correctly identified 78.7% of the strains. At 48 H, 95.2% were
correctly identified by using additional biochemical tests as recommended by the
manufacturer. The API 20E misidentified 8 (2.7%) strains; these strains were not
limited to any particular genus (O’Hara et al., 1992).

1.12.4: Immunological methods

1.12.4.1: Immunomagnetic separation (IMS)
Immunocapture-based

separation

and

concentration

techniques

include

immunological binding (capture), followed by physical separation of the target
organisms from a mixed enrichment culture, resulting in concentration of the target
organisms (Baylis et al, 2001). The procedure involves coating magnetic beads with
anti-EPS antibody and mixing them with broth cultures or suspensions of faeces or
suspect food homogenates (Paton and Paton, 1998). The use of immunomagnetic
beads coated with monoclonal antibodies against E. coli 0157 is now regarded as the
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most sensitive method available for the cultural isolation of the pathogen from
enriched broth (Duffy et al., 2000). The target organisms in the sample bind to the
immunomagnetic beads, which are then isolated from other sample material and
micro-organisms in a magnetic field. The beads are then plated on differential
medium and incubated overnight (de Boer and Heuvelink, 2000). As the infectious
dose of E. coli 0157 is believed to be extremely low, it is important that food
microbiologists are able to detect at low levels to ensure a safe supply of food to
consumers (Bennett et al, 1996). The development of the immunomagnetic separation
technique has increased the sensitivity of detection of E. coli 0157 in biological
samples by 10-100-fold compared with conventional culture and enrichment methods
(Thomson-Carter, 2001). It has also reduced total analysis time (Bennett et al, 1996).
The principal drawback of IMS is its serogroup specificity (Paton and Paton, 1998).
Non-specific binding to the magnetic beads have been reported (Wright et al, 1994,
Mortlock, 1994) and can pose a problem in foods with a high background flora (e.g.
mince beef) (de Boer and Heuvelink, 1998). Interference from non-specific adsorption
can be reduced by carrying out an extensive washing procedure (de Boer and
Heuvelink, 2000), adding the protein salmine (Protamine) to the culture bead sample
(Okrend et al, 1992), and, carrying out IMS with a low-ionic-strength solution
(Tomoyasu, 1998). Ten different types of non-sorbitol fermenting bacteria were
isolated from human faecal samples after IMS, increasing the time required for isolate
identification (Chapman and Siddons, 1996). It is also important to note, however,
that false negative detection by IMS may occur due to the loss of surface antigen
properties from the target cells via environmental decay and induced by starvation, as
shown for E. coli 0157:H7 (Hara-Kudo et al, 2000).
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Several commercial IMS systems are available, including Dynabeads^'^ anti-^. coli
0157 (Dynal) and Captivate"^^ 0157 (Lab M).

1.12.4.2: Latex agglutination
Several rapid latex agglutination assays are commercially available for the rapid
presumptive identification of E. coli 0157. These consist of latex beads coated with
antibodies that agglutinate specific antigens and form an antibody-antigen complex
visible as a precipitate (de Boer and Heuvelink, 2000). Determination of the H7
antigen is not essential for the presumptive identification of 0157 verotoxigenic
strains. Some E. coli 0157 strains are non-motile and negative in H-serology. Other
strains possess H7 antigens but are of serogroups other than 0157 (Baylis et al, 2001).
In the same way that antibodies used in immunoassays cross react with the LPS of
other bacteria, some latex commercial kits, can also give false positive results which
has been previously reviewed in section 1.12.1.7 (Baylis et al, 2001). Briefly, E. coli
0157 somatic antibody cross-reacts with Escherichia hermanii. Brucella abortus.
Brucella melitensis. Yersinia enterocolitica serogroup 0:9, Salmonella group N,
Pseudomonas maltophila, and Citrobacter freundii using latex agglutination tests
(Borczyk et al, 1990, Rice et al, 1992, Bettleheim et al, 1993, Sower et al, 1996, Park
et al, 1998, Nishiuchi et al, 2000, Vinogradov et al, 1998). Cross-reactivity is
attributed to the 4-amino-4,6-dideoxy-a-D-mannopyranose, which is common in the
bacteria mentioned above (Meng et al, 1994).
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1.12.5: DNA-based methods

1.12.5.1: Polymerase Chain Reaction (PCR)
In contrast to immunological techniques, molecular techniques offer greater
specificity and the potential to provide accurate and rapid detection, and confirmation,
of VTEC in food (Baylis et al, 2001). With this procedure, DNA is amplified to
increase the level of target DNA when VTEC are present in very low numbers (Padye
and Doyle, 1992). This method employs thermostable DNA polymerases and 5’- and
3’- specific oligonucleotide primers and can amplify a single molecule of DNA to 10

'j

molecules after a series of amplification cycles. The amplified DNA is then detected
by use of either agarose gels or Southern hybridisation (Meng et al, 1996). Genomic
targets for PCR include the plasmid-encoded hemolysin gene (hlyg^i) (Schmidt et al,
1995), the flagellar structural gene of H7 serogroup (///Chv) (Gannon et al, 1997),
verotoxins {vtl, vt2) (Gannon et al, 1992, Paton et al, 1992), and attaching and
effacing (eaeA) genes (Gannon et al, 1993, Meng et al, 1996). The primer pairs can
be used in separate PCR reactions or can be combined in the same reaction as a
multiplex PCR; in the latter procedure, amplification products of different genes that
differ in size are subsequently distinguished by agarose gel electrophoresis (Karch et
al, 1999). Multiplex PCR assays have been developed to detect the above mentioned
virulence characteristics (Fratamico et al, 2000, Paton and Paton, 1998, Pan et al,
2002). A separate PCR assay targets the rfb region of E. coli 0157:H7 (Paton and
Paton, 1998). Many reports on applications of PCR based assays for detection of E.
coli 0157:H7 in foods have been reported (Fratamico et al, 2000, Cagney et al, 2004).
Sensitivity of the assay was <1 CFU/g of various food samples following enrichment
(Fratamico et al, 2000).

1.12.5.1.1: Fingerprinting of E. coli 0157:H7 isolates:
Methods used for discrimination of genera, species, and isolates can be divided into
phenotypic and genetic procedures. Phenotypic procedures take advantage of
biochemical, physiological, and biological phenomena, whereas genetic procedures
aim to detect polymorphismis at the level of nucleic acids (van Belkum, 1994).
PCR gave rise to a variety of techniques with many applications, among these, the
discrimination between bacterial isolates. Typing techniques involving PCR can be
divided into 4 main groups: PCR-RFLP, PCR-ribotyping, AP-PCR/RAPD and REPPCR.

In the Repetitive Extragenic Palindromic PCR (REP-PCR) technique, primers based
on short sequences of repetitive elements which are dispersed throughout the
prokaryote kingdom are used. These elements seem to be conserv^ed within several
bacterial genera and species. In this way, molecular profiles are obtained, and the
differences between band sizes represent polymorphism in the distances between
repetitive elements of different genomes (Trindade et al, 2003). Concensus primers in
the PCR to amplify DNA sequences located between successive repetitive elements
(repetitive extragenic palindromic elements and enterobacterial repetitive intergenic
consensus sequences) were synthesised and tested as opposing sequences in the
amplification of bacterial genomic DNA. The repetitive extragenic palindromic
primers differentiated among laboratory strains of E. coli, suggesting that this method
may have the potential for sub typing Gram-negative enteric bacteria (Versalovic et al,
1991). A rapid DNA fingerprinting method that exploits PCR amplification from a
DNA repeat sequence in Mycoplasma pneumoniae was described by del Vecchio et
al, (1995). This was accomplished with the use of a primer which hybridised to an
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REP-MP3-like sequence of Mycoplasma pneumoniae. The length of the RW3A
primer (20-mer) and its high degree of homology to the target sequence on both
strands of the MRS A chromosomal DNA contributed to the consistency of patterns
obtained throughout the investigation, (del Vecchio et al, 1995).

Many typing studies have been performed on bacterial species using the RW3A
primer set achieving excellent results. A study carried out to assess the usefulness of
REP-PCR genotying of Staphylococcus strains showed that the REP-PCR typing
method was as a discriminatory as AP-PCR and PFGE in terms of reproducibility.
The main advantage of REP-PCR over PFGE is its higher resolution power and ease
of perfonnance (van der Zee et al, 1999). De Bruijn et al, (1996) showed that REPPCR fingerprinting is a highly reproducible and simple method to distinguish closely
related strains of plant associated bacteria, to deduce phylogenitic relationships
between strains and to study their diversity in a variety of ecosystems. The stability of
REP-PCR patterns with respect to culture age and subculture frequency of
Pseudomonas aeroginosa, Escherichia coli, Enterococcus faecalis, Staphylococcus
epidermidis and Acinetobacter baumannii was examined. The results showed that the
banding patterns arising from study strains maintained a >90% relatedness level after
72 h of continuous incubation or after growth of 15 daily sequential subcultures
indicating that 3-day-old cultures are acceptable for REP-PCR analysis. In addition, it
is possible to use isolates that have been subcultured multiple times without fear of
banding profile deterioration (Kang and Dunne, 2003). A total of 54 strains isolated
from food, clinical and faecal samples were genotyped using several DNA
fingerprinting methods: using REP-PCR, AFLP, PFGE and ribotyping. The
fingerprint profiles of the 0157:H7 isolates were virtually identical using REP-PCR
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enabling easy distinction of the group and was determined to be the easiest and
quickest method that could be performed at a relatively low cost for discrimination of
E. coli 0157:H7 strains from other E. coli serotype strains (Hahm et al, 2003). The
technique is not labour-intensive and can be conducted with relatively inexpensive
equipment These techniques provide a rapid discriminatory means of molecular
epidemiology.

1.12.5.1.2: Ribotyping

PCR ribotyping is a fast and reliable typing method with good typeability and
reproducibility for several bacterial species such as P. cepacia, E. coli and
Enterobacter sp. This approach targets the 16-23S rRNA region which is polymorphic
and repetitive in the genome of such bacteria (Oliveira and Ramos, 2002). rRNA loci
are present in 2 to 11 copies on the chromosomes of most bacterial species. Whereas a
high degree of sequence homology exists for rRNA genes, the intergenic spacer
regions show extensive sequence and length variations which can be used to
characterise bacteria at the genus, species and sub-species levels (Lagatolla et al,
1996). The 16S-23S intergenic spacer region in 218 strains of salmonella analysed by
PCR-ribotyping allowed for the identification of 7 different serovars. More than one
spacer region profile was observed in 3 particular serovars indicating different PCR
ribotypes among strains which shared the same antigenic pattern. This technique is
considered excellent for subtyping and and identifying strain clusters more
appropriate for phylogenetic investigations (Lagatolla et al, 1996).
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1.12.5.3: Data Analysis
Detection and analysis of differently sized REP-PCR include visual inspection of
ethidium bromide stained gels and computer assisted detection of data storage
methods.
If the objective is to compare a limited number of strains to determine whether one
strain is different from one or several other strains, simple visual examination of the
data may suffice. This involves determining the relative size of each fragment in a
lane by comparing it with a molecular size standard run on the same gel. The
interpretation of data using this method can be subjective when comparing lanes with
numerous DNA fragments (Swaminathan and Matar, 1993).
Wlien a high number of diverse REP-PCR fingerprints need to be compared,
computer assistance becomes essential. Many hard and software combinations are
available for fragment (pattern) analysis e.g. GelCompar (Applied Maths, Kortrijk,
Belgium). The application of computer assisted analysis of REP-PCR generated
genomic fingerprints is used for the identification and classification of microbes using
cluster analysis algorithms. Cluster analysis is the art of finding groups in data, and
bacterial classification and taxonomy are principal applications of this methodology.
The input of a clustering method is a proximity or resemblance matrix, the output a
dendrogram (Rademaker and deBruijn, www.msu.edu/debruiin/dna).
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Section 2
Materials and Methods

Experimental Objectives:
•

The key objective of this study is to validate a novel detection system based on
immunomagnetic-electrochemiluminescence (IM-ECL) (Anon, 2000b) against an
ISO standard method (Anon, 1998b) for the sensitive detection of E. coli 0157
from unrelated food matrices.

•

Resulting isolates from the study will be DNA fingerprinted and ribotyped by
PCR.

•

The test population will also be investigated for the presence of virulence markers
that can be present in the E. coli 0157 organism.

•

The following flow diagram provides a summary of the experimental process:

Food matrices to be tested

Spiked with non-toxigenic Escherichia coli

IM-ECL

Investigation of background flora

Fingerprinting

Virulence markers

Conclusions
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The materials and experimental methods chapter is divided into two sections. The
first section, 2.1, details the reagents, chemicals, bacterial isolates and any other
materials used in the experiments listed. Comprehensive details of all methods are
included in section 2.2.

Sample analysis:
E. coli 0157:H7 were enumerated in spiked samples by using the ORIGEN^'^
Analyser alter 6 and 22 h enrichment. A horizontal procedure was carried out
described in ISO 16654 (Anon, 1998b) to validate this method. Briefly, this involved
enumeration by direct plating followed by enrichment, immunomagnetic separation
recovery and plating. Suspect positives were biochemically and serologically
identified, followed by confirmation by PCR.

2.1: Materials
2.1.1: Bacterial cultures:
The positive control and isolate required for validation purposes for this project was a
non-toxigenic strain of Escherichia coli 0157:H7 (NCTC 12900), obtained from the
Central Public Health Laboratory (PHLS), Colindale, London.
This culture was maintained on nutrient agar slopes (Oxoid, Hampshire, UK), for
short-term storage and on cryostat beads (Mast Diagnostics, Merseyside, UK) at 20°C for long-tenu storage.
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2.1.2: Food matrices sampled:
A total of 16 unrelated food matrices were tested in this study (Table 3.2., section
3.1.2). Samples were collected from a local supennarket and tested on the day of
purchase. Those requiring refridgeration were kept at a temperature of 4°C until
analysis.

2.1.3: Enumeration of E. coli 0157:H7:
•

Trvptone soya broth (TSB) (Oxoid, Hampshire, UK): Prepared by dissolving 30 g
in 1 litre distilled water. Autoclaved at 121°C for 15 min. Ten ml were
subsequently dispensed into 25 ml sterile universal containers and stored at room
temperature. Used for culture growth and dilution series.

•

Luria-Burtani (LB) agar (Merck, Darmstadt, Germany): Prepared by dissolving
37 g in 1 litre of distilled water. Autoclaved at 12 UC for 15 min. Poured into petri
dishes. Once solidified, stored at 4°C.

•

Luria-Burtani (LB) slants: Prepared as above. Ten ml of agar poured into sterile
test tubes. Test tubes tilted at an angle and allowed to set. Once solidified, stored
at 4°C.

2.1.4: Enrichment of spiked food samples and unspiked background control:
•

Modified Trvptone Soya Broth (m-TSB) (Oxoid, Hampshire, UK): Prepared by
dissolving 33 g in 1 litre distilled water. Autoclaved at 121°C for 15 min.

•

Novobiocin supplement (Oxoid, Hampshire, UK): Prepared by adding 2 ml of
sterile distilled water to one vile, inverting to dissolve. Added to sterile m-TSB
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medium, pre-cooled to 50°C. Each vile contains 10 mg, enough to supplement
500 ml of medium at 20 mg/1.

2.1.5: Concentration and Immunomagnetic separation (IMS)
•

PBS (Oxoid, Hampshire, U.K): Prepared by dissolving 1 tablet in 100 ml of
distilled water. Autoclaved at 115°C for 10 min [pH 7.3].

•

Dvnabeads® anti-E'.eo// 0157 (Dynal Biotech ASA, Oslo, Nonv'ay)

2.1.6: Detection using the ORIGEN™ Analyser (IGEN Inc.)
•

An ORIGEN™ Analyser (IGEN International Inc., Gaithersburg, USA) and the
reagents necessary to operate the analyser including ORIGEN'^'^ Assay Buffer,
ORIGEN'^^ Cell Cleaner, and ORIGEN^'^ Neutralising Solution (all reagents from
IGEN International Inc., Gaithersburg, USA).

•

IRS beads (IGEN International Inc., Gaithersburg, USA) for routine maintenance
of the system.

•

Fisherbrand disposable screening filters and disposable ORIGEN^”^ Analyser (12
X 75 mm) polypropylene tubes.

•

Magnetic separation device (IGEN International Inc., Gaithersburg, USA) to
evaluate the 6 h enrichment.

PATH/UE'A^'^ Kit components (IGEN International Inc., Gaithersburg, USA):
E. coli 0157 capture reagent
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E. coli 0157 detection reagent
E. coli 0157 positive control
E. coli 0157 negative control

2.1.7: Selective agars
•

Sorbitol MacConkev agar (SMAC) (Oxoid, Hampshire, UK). Prepared by
dissolving 51.5 g in 1 litre of distilled water. Poured into petri dishes. Autoclaved
at 12UC for 15 min. Once solidified, stored at 4“C.

•

Cefixime Tellurite Selective Supplement (CT) (Oxoid, Hampshire, UK). Prepared
by adding 2 ml of sterile distilled water to one vile, inverting to dissolve. Add to
sterile SMAC medium, pre-cooled to 50°C. Each vile is sufficient to supplement
500 ml of SMAC.

•

Rainbow agar (Biolog Inc, Hayward, CA USA); Prepared by dissolving 15 g in
250 ml of distilled water. Autoclaved at 12UC for 5 min. Poured into petri dishes.
Once solidified, stored at 4°C.

2.1.8: Biochemical confirmation
API20E identification system (bioMerieux, Marcy, I’Etoile, France).
Kit components include 25 API 20 E identification strips and 25 incubation tubes.
Oxidase strips (Oxoid, Hampshire, UK) were used for the oxidase test.
Analytical Profile Index required for isolate identification.
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Table 2.1:

Individual reagents required for the API20E test post incubation

REAGENT

PREPARATION

TDA (5 ml)

3.4 g of ferric chloride was added to 100 ml of distilled water

JAMES (5 ml)

0.5 g of compound J 2183 was added to 100 ml of IN HCL

VP 1 (5 ml)

40 g of potassium hydroxide was added to 100 ml of distilled water

VP 2 (5 ml)

6 g of a-naphthol was added to 100 ml of ethanol

NIT 1 (5 ml)

0.4 g of sulfanilic acid and 30 g of acetic acid was added to 70 ml of distilled water

NIT 2 (5 ml)

0.6 g of N,N-dimethyl-l-naphthylamine and 30 g of acetic acid was added to 70 ml of water

2.1.9: Serological test
•

E. coli 0157 Latex Test (Oxoid, Hampshire, UK)

•

The kit components include the test latex, control latex, the positive and negative
control suspension and reaction cards.

•

Sterile saline, as recommended by the manufactures.

2.1.10: DNA extraction
•

m-TSB: as described in section 2.1.4
1 M NaCl: Prepared by dissolving 58.44 g of NaCl in 1 litre of distilled water
TE solution: 50 mM Tris-HCL [pH 8.0], 50 mM EDTA
Lysozyme (Sigma, Poole, UK): Dissolved in sterile distilled water to a final
concentration of 2 mg/ml. Aliquoted and stored at -20°C.
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•

20% (w/v) SDS: Two grams of sodium dodecyl sulphate (SDS) was added to 10
ml sterile distilled water and dissolved at 65°C.

•

Proteinase K (Sigma, Poole, UK): Reconstituted in sterile distilled water to a final
concentration of 10 mg/ml. Aliquoted and stored at -20°C.

•

Phenol:Chloroform: Isoamylalcohol (25:24:1) (Sigma, Poole, UK): saturated with
10 mM Tris [pH 8.0], 1 mM EDTA.

•

3 M ammonium acetate: Prepared by dissolving 11.6 g ammonium acetate in 50
ml sterile distilled water. This solution was filter sterilised and stored at room
temperature.

•

Ethanol: 100% (v/v) and 70% (v/v) stored at -20°C.

•

IXTE solution: 10 mM Tris-HCL [pH 8.0], 1 mM EDTA

2.1.11: Polymerase Chain Reaction (PCR)
PCR apparatus:
•

All PCR reactions were performed using a PTC-150 Minicycler"^^ (MJ Research
Inc., Watertown, Ma).

Reagents for PCR:
•

Deoxvribonucleoside triphosphates (dNTPs)(Promega, Madison, WI): received at
a stock concentration of 100 mM. A working concentration of 1.25 mM dNTP
was prepared by mixing 2.5 pi of each (dATP, dCTP, dGTP and dTTP) with 190
pi sterile distilled water. Both the stock and working concentration dNTPs were
stored at -20®C until required.
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Tag DNA polymerase (Promega, Madison, WI): obtained at a concentration of
5U/)al. The enzyme was supplied with 25 mM MgCl2 and lOX reaction buffer
(100 mM Tris-HCL [pH 9.0], 500 mM KCL, 1% Triton-X-100).
Sterile water: Distilled water were sterilised by autoclaving at 12l”C for 15 min.
Oligonucleotide primers: All primers used for DNA fingerprinting and
determination of virulence characteristics of E. coli 0157:H7 were s>mthesised by
Oswel (Oswell, Southhampton, UK) and purified by high performance liquid
chromatography (HPLC). These primer sequences together with their relevant
characteristics are listed in Table 2.2.
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Table 2.2:

Primers used for virulence profiling, DNA fingerprinting and
ribotyping of study collection

Primer

Sequence 5’-3’

Cone

Reference

(pmol)
Ae22 F

ATT ACC ATC CAC ACA GAC GGA

12.5

TTA CCA TCC ACA CAG ACG GT

Ae22 R

ACA GCG TGG TTG GAT CAA CCA

TGT AAC TGG AAA TGT GGA GTT

and

Strobaugh, 1995

12.5

CAG CGT GGT TGG ATC AAC CT
Vt 1 F

Fratamico

Fratamico

and

Strobaugh, 1995
25

Meng et al, 1997

25

Meng et al, 1997

25

Meng et al, 1997

25

Meng et al, 1997

25

Gannon et al, 1997

25

Gannon et al, 1997

25

Fratamico

GTA ACT GGA AAT GTG GAG TAT
ACA
Vt 1 R

GCT ATT CTG AGT CAA CGA AAG
CTA TTC TGA GTC AAC GAA AAA
TAAC

Vt2 F

GTT TTT CTT CGG TAT CCT ATG TTT
TTC TTC GGT ATC CTA TTC C

Vt2 R

GAT GCA TCT CTG GTCATT GTG
ATG CAT CTC TGG TCA TTG TAT
TAC

fliCh7 F

GCG CTG TCG AGT TCT ATC GAG
CGC TGT CGA GTT CTA TCG AGC

fliCh7 R

CAA CGG TGA CTT TAT CGC CAC
AAC GGT GAC TTT ATC GCC ATT CC

Mfsl/F

ACG ATG TGG TTT ATT CTG GAA
CGA TGT GGT TTA TTC TGG

Mfsl/R

CTT CAC GTC ACC ATA CAT ATA

TCG CTC AAA ACA ACG ACA CC

al,

et

al,

1995
25

TTC ACG TCA CCA TAC ATA
RW3A

et

Fratamico
1995
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del Vecchio et al,
1995

Ribo F

TTG TAC ACA CCG CCC CTC A

50

Kostman

et

al,

et

al,

1992
Ribo R

GGT ACT TAG ATG TTT CAG TTC

50

Kostman
1992
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2.1.12: Agarose gel electrophoresis
•

Electrophoresis Apparatus: There were two types used
1. For large gels - Horizon® 58 horizontal gel apparatus.
2. For small gels - Horizon® 11.14 horizontal gel apparatus.
Both were supplied by Life Technologies Inc., Paisley, Scotland.

•

Agarose: ultra PURE agarose, electrophoresis grade from GibcoBRL Life
Technologies (Life Technologies, Paisley, Scotland). Gelling temperature 3642^C.

•

Ethidium Bromide (Sigma, Poole, UK): Used at a concentration of 10 mg/^ml in
distilled water.

•

IPX TAE: 400 mM Tris-HCl [pH 7.8], 400 mM glacial acetic acid and 2 mM
EDTA. Working cone. IX.

•

Loading Dye: 100 pi of 10% bromophenol blue.
6.6 ml glycerol.
3.3 ml lOX TAE

•

Molecular weight markers (Roche Diagnostics, East Sussex, UK): DNA fragment
sizes were estimated using grade III, grade V and grade XIV molecular
weight markers.

I.

DNA molecular weight marker IIL Consists of 13 DNA fragments ranging in
size form 0.12-21.1 kb. Prepared by cleaving lambda DNA with E’coRI and
Hindm (250 pg/ml).
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2.

DNA molecular weight marker V: Consists of 22 DNA fragments ranging in
size from 8-587 bp. Prepared by cleaving pBR322 with HaelW (250 pg/ml).

3.

DNA molecular weight marker XIV: Consists of 15 DNA fragments ranging in
size from 100 to 2642 bp. Prepared by by cleavage of a specially constructed
plasmid with restriction endonuecleases (Appendix 1).

2.1.13: Plasmid isolation from cells
•

Plasmid purification from cells grown in LB broth was achieved using the
Wizard (S) Plus SV Minipreps DNA Purification system (Promega, Madison,
Wl)

•

The kit components included:

•

Cell resuspension solution (50 inM Tris-HCL [pH 7.5], 10 mM EDTA, 100 pi
RNase A).

•

Cell lysis solution (0.2 M NaOH, 1% [w/v] SDS). Alkaline protease solution.

•

Neutralisation solution (4.09 M guanidine hydrochloride, 0.759 M potassium
acetate. 2.12 M glacial acetic acid [pH 4.2]).

•

Column wash solution with 95% (v/v) ethanol added (final concentration: 60
mM potassium acetate, 10 mM Tris-HCL [pH 7.5], 60% (v/v) ethanol).

•

Spin columns, collection tubes and nuclease free water
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2.2:

Experimental methods

2.2.1: Indicator micro-organism

The bacterial strain used in this study was non-VTEC Escherichia coli 0157:H7. It
was grown in TSB broth at 37^C for 24 h when used for the ECL-IMS assay,
otherwise it was maintained on nutrient slants at 4°C. Bacterial dilutions were
prepared by the addition of 100 pi of an overnight culture into 10 ml of sterile TSB
broth. Dilutions were made down to 10’ cfu/ml. Bacterial numbers were determined
by plating 100 pi of each dilution onto LB agar. Plates were incubated at 37°C for 18
h. The number of colony forming units was determined by using the following
equation:

C1+C2

X

cfu/ml

1

Dilution

Vol. Plated (ml)
onto each plate

'Cl = no. of bacteria counted on plate one
C2 = no. of bacteria counted on plate two

2.2.2: Sample preparation, spiking and enrichment

Twenty-five grams of the test matrix was weighed and transferred to a stomacher bag.
Contents were diluted 1/10 by adding 225 ml of m-TSB with novobiocin and
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stomached for 2 min at 230 rpm. Stomacher bags were stapled closed. All samples
were enriched at 37°C for 6 h. This was repeated 7 times. Samples were spiked with
the appropriate dilution, ranging from 10' to 10’ . One sample remained unspiked
serving as the background control. Background bacterial numbers were determined
by plating, down to 10'^, onto TC-SMAC and incubating at 37°C for 18 h. Samples
were read on the ORIGEN"^^ Analyser post 6 h incubation.

2.2.3: VAT^iUGENE .coli 0157 test 6 h enrichment protocol (Anon, 2000b)
Sample Preparation
1.

For each sample to be tested label a sterile test tube with sample code.

2.

Label one set of ORIGEN^'^ Analyser tubes with the appropriate sample
information.

3.

Label two additional ORIGEN^”^ Analyser tubes, one each for the positive and
negative controls.

4.

Remove all samples from the incubator and gently mix the contents of the
stomacher bag by hand.

5.

Remove a 10 ml aliquot of sample from each of the stomacher bags and place
into the corresponding labelled test tube. Return samples back to incubator for
a further 18 h.

6.

Heat-kill the samples by placing the tubes in a boiling water bath for 10 min.

7.

Remove the tubes from the water-bath and allow to come to room
temperature.
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8.

Remove 1 ml of sample from each test tube and transfer to the corresponding
labelled ORIGEN^^ Analyser tube taking care to avoid transferring particulate
matter into the sample. If necessary, the 1 ml sample can be filtered through a
Fisherbrand Screening Column prior to placing the sample in the ORIGEN^'^
Analyser tube.

9.

For the tubes labelled Positive Control and Negative control, add 100 pi of
sterile m-TSB broth.

10.

To the tubes labelled “Negative Control” add 1 drop of FATHIGEN E. coli
0157 Negative Control.

11:

To the tube labelled “Positive Control” add 1 drop of ?AT¥[IGEN E. coli
0157 Positive Control.

12:

Add 1 drop of PATH/GE'AE’. coli Capture Reagent to each of the “Reaction”
tubes including both control tubes.

13.

Place the ORIGEN"^^ Analyser tubes containing sample and Capture Reagent
into the carousal on the ORIGEN"^^ Analyser and vortex for 15 min.

14.

Remove the samples from the ORIGEN^^ Analyser carousal and place the
tubes into the magnetic separation device.

15.

Allow the tubes to remain on the magnet for at least 5 min until the magnetic
particles contained in the detection reagent are drawn to the sides of the tubes.

16.

Invert the tubes over the sink to allow materials not bound to the magnetic
microparticles to wash away.

17.

Remove the tubes from the magnet and add 0.5 ml of PBS to each tube.
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18.

Add 1 drop of PATH/G£'A£’. coli 0157 Test Detection Reagent to each of the
tubes including both control tubes.

19.

Place the tubes onto the ORIGEN'^'^ Analyser carousal. The negative control
tube should be placed in position 1 of the carousal and the positive control
tube should be placed in position 2.

2.2.3.1: Instrument Set-up
1.

Refer to the ORIGEN"^^ Analyser Operator Manual (Anon, 2000) for the steps
listed below.

2.

Choose the “Run” option from the “Assay” menu on the ORIGEN"^^ Analyser
software.

3.

On the Assay Startup Screen, log the “Analysis Title”, “Operator Name”, and
the Reagent lot numbers. Choose the Data File Name to save the assay results.

4.

Under “Assay Parameters” of the Assay Startup Screen, choose “0157”.
These parameters have been chosen to yield optimal results for the
?KY\UGENE. coli 0157 Test.

5.

Check the ORIGEN^^ Assay Buffer and ORIGEN^^ Cell Cleaner Reagents on
the instrument system to ensure that enough volume remains for the
instrument run.

6.

Choose the “Vortex Run” option on the “Assay Startup Screen” to initiate the
instrument test cycle.

7.

Type in the value of 60 min in the parameter window and click on the option
entitles “start run after vortexing”.
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8.

When the run is complete, discard the ORIGEN’^'^ Analyser tubes according to
current laboratory practices.

9.

Data from each run can be: 1) visualised by choosing “View Run” or “Review
Results” from the Assay Menu, 2) printing a hard copy, or 3) saving the file
and exporting the data to an Excel spreadsheet.

2.2.4

PATH/G'E^A^E'. coli 0157 test 20 h enrichment protocol

1.

Sample Preparation
For each sample to be tested label duplicate ORIGEN"^^ Analyser tubes with
the appropriate identification information and divide into 2 sets of tubes.
Label one set of tubes as “Filtration” and label the second set of tube
“Reaction”.

2.

Label 2 additional ORIGEN’^'^ Analyser tubes, one each for the positive and
negative controls. These tubes should be included with the set of tubes
labelled “Reaction”.

3.

Using a pipette, add 0.5 ml of PBS to the set of tubes labelled “Filter”
including the positive and negative control tubes.

4.

Remove each sample from the incubator and gently mix the contents of the
stomacher bag by hand.

5.

Remove a 100 pi aliquot of the sample from the stomacher bag and place into
the corresponding ORIGEN^*^ Analyser Tube labelled “Filtration” containing
the 500 pi of PBS. Retain the samples at 4°C for further analysis. Lleat-kill the
sample by placing the tube in a boiling water bath for 10 min.
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6.

Place a Fisherbrand Disposable Screening Filter into the set of ORIGEN"^^
Analyser tubes labelled “Reaction” (There is no positive or negative
control tubes for this set).

7.

Invert the diluted, heat-killed sample from the tubes labelled “Filter” into the
Fisherbrand Screening Filter Unit associated with that sample. Tap the

filter

unit gently on the inside of the corresponding ORIGEN’^'^ Analyser tube
labelled “Reaction”.
8.

For the tubes labelled Positive Control and Negative control, add 100 pi of
sterile Modified TSB medium.

9.

To the tubes labelled “Negative Control” add 1 drop of PATHJGEN E. coli
0157 Negative Control.

10.

To the tube labelled “Positive Control” add 1 drop of PATH/G'E'A E. coli
0157 Positive Control.

11.

Add 1 drop oiVATWIGEN E. coli Capture Reagent to each of the “Reaction”
tubes including both controls tubes.

12.

Add 1 drop of VKYWIGEN E. coli Detection Reagent to each of the
“Reaction” tubes including both controls tubes.

13.

Place the tubes onto the ORIGEN'^'^ Analyser carousal. The negative control
tube should be placed in the last two positions of the run to assure
entire run produced valid results.

2.2.4.1: Instrument Set - up
Refer to section 2.2.3.1 (as for the 6 h procedure).
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that

the

2.2.5: Immunomagnetic Separation (IMS)
Samples were analysed using the method described in ISO 16654 (Anon, 1998b).
IMS was carried out on the sample of highest dilution factor positive with the
ORIGEN^^ analyser. Analysis was conducted after 22 h incubation at 37°C using
immunomagnetic beads coated with an anti-^". coli 0157 antibody. Briefly, 1 ml of
the enriched sample was transferred into sterile 1.5 ml eppendorf tubes containing 20
pi of D3mabeads. The eppendorf tubes were continuously agitated for 10 min at room
temperature before been transferred to a magnetic rack where they were rocked for 5
mm. The supernatant was then removed and the beads were re-suspended in 1 ml of
PBS. Two further washing stages were carried out before finally resuspending the
beads in 100 pi of PBS. Each recovered IMS bead complex was spread in duplicate
onto Sorbitol MacConkey agar supplemented with Cefixime Tellurite (CT-SMAC)
using a sterile cotton swab, and incubated at 3TC for 18 h. Five colonies exhibiting
typical presumptive positive characteristics (almost colourless with a pale yellowishbrown appearance, diameter 1 mm) from each duplicate plate were identified, sub
cultured onto LB agar, and subjected to confirmatory tests as described below.
Corresponding non-sorbitol fermenting colonies were streaked from LB agar onto
Rainbow® agar 0157, and incubated overnight at 37°C. Steel grey colonies were
identified as colonies exhibiting typical characteristics oiE. coli 0157 species.

2.2.6: Biochemical confirmation
All non-sorbitol fermenting colonies on CT-SMAC, and steel grey on Rainbow agar
were further identified using the API 20E strips biochemical identification system.
Briefly, a well isolated colony was emulsified in 5 ml of sterile distilled water. The
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bacterial suspension was inoculated into the microtubes contained in the strips. Tests
which required anaerobiosis were overlayed with mineral oil. The strip was closed
and incubated at 37°C for 18-24 h. The reactions were read and the identification of
the organism was obtained by the Analytical Profile Index.

2.2.7: 0157 antigen determination
All isolates were tested for agglutination by the E. coli 0157 latex agglutination test
kit. This kit contains beads coated with antibodies which bind to any 0157 antigen on
the test organism, forming a visible anti gen-antibody precipitate. Colonies giving a
precipitation reaction were confirmed as E. coli 0157 positive.

2.2.8: DNA extraction:
This extraction method is a modification of the procedure described by Versalovic et
aL 1994.
1.

Cells from a 5 ml culture grown overnight at 37°C were pelleted by
centrifugation at 12,000 rpm for 2 min.

2.

The cells were washed with 1 ml each of the 1 M NaCl and TE solution (50
mM Tris-HCL [pH 8.0], 50 mM EDTA), and resuspended in 0.7 ml TE
solution.

3.

One hundred microlitres of lysozyme (2 mg/ml) was added to the cells and
this mixture was incubated at 37°C for 30 min.

4.

To complete lysis 30 pi of 20%

(w/v)

incubated at 65°C for 10 min.
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SDS was added to the mixture and

5.

Sixty microlitres of proteinase K (10 mg/ml), was added to all tubes and the
samples were incubated at 37°C for 1 h.

6.

The protein was extracted form this crude nucleic acid preparation by
performing

two

phenol: chloroform

extractions;

1

ml

Phenol:Chloroform;Isoamyalcohol (25:24:1) was added to the lysate mixture
and the tubes inverted vigorously for 5 min.
7.

The samples were centrifuged for 5 min at 12,000 rpm after whieh the top
aqueous phase (containing the DNA) was transferred to a new 1.5 ml tube.
The phenol :ehlorofonn extraction was then repeated on the aqueous layer.

8.

DNA was precipitated by adding a 1/10 volume 3 M ammonium acetate and
eool 100% (w/v) ethanol to fill the 1.5 ml eppendorf tube.

9.

DNA precipitation was allowed to proceed at -20°C overnight.

10.

Following precipitation the DNA samples were centrifuged at 13,000 rpm for
30 min at 4°C, the DNA pellet was then washed with 70%(v/v) ethanol and
finally resuspended in 200 pL IX TE solution.

11.

The DNA concentration of eaeh sample was determined using UV
spectrophotometry at 260 nm.

1 absorbance unit = 50 ng/pL of DNA

2.2.9

Agarose gel elctrophoresis

Agarose gel elctrophoresis was performed in a Gibco BRL Horizontal Electrophoresis
Apparatus from

Life Technologies (Life Technologies,
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Paisley,

Scotland).

Electrophoresis times varied from 1 h at 80 V for smaller gels (6.5 cm X 8.0 cm) to
1.5 h at 100 V for larger gels (11.5 cm X 14 cm). The agarose concentration in each
gel was determined by the resolution required. In general PCR products for DNA
fingerprinting was separated in 2% (w/v) agarose gels, if fewer amplicons were
expected a lower percentage in 2% (w/v) or 1.5 (w/v) was used. The agarose gels
were made in IX TAE buffer, which contained ethidium bromide to a final
concentration of 100 pg/1. All ethidium bromide stained fragments were viewed and
photographed with a UV transilluminator from UVP (Ultra-Violet-Products,
Cambridge, UK), using Phoretix software (Phoretix, Newcastle upon Tyne, UK).

2.2.10:

Polymerase Chain Reaction (PCR):

2.2.10.1: DNA fingerprinting
The primer selected for DNA fingerprinting were RW3A (Table 2.2). The final
reaction volume for all primers used was 50 pi. All fingerprinting reactions
contained, 2.5 mM MgCU, 5 pU lOX reaction buffer, 8 pi working stock dNTPs to
give a final concentration of 0.2 mM each (dATP, dCTP, dGTP and dTTP), 200 ng of
genomic DNA and 2.5 U Taq DNA polymerase. The concentration of each primer is
given in Table 2.2 and reaction conditions in Table 2.3.

2.2.10.2: Detection of virulence factor genes by polymerase chain reaction (PCR)
analysis
Confirmed E. coli 0157 positive colonies were subject to multiplex PCR analysis to
detect the presence of the verotoxin genes vti and vti, the attaching and effacing gene
{eaeA), and the enterohaemorrahagic E. coli hlygss gene (Fratamico et al, 2000). The
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final reaction volume for all primers used was 50 pi. All multiplex reactions
contained 50 mM KCl, 3.0 mM MgCf, 400 pM (each) of the four nucleoside
triphosphates (dNTP), 2.5 U Taq DNA polymerase, 5pL of genomic DNA. A single
PCR was also performed on all confirmed positive isolates to detect the fliC\a gene
(Fratamico et al, 2000). The same master mix concentrations as the multiplex PCR
was used, with the following exceptions - the

primer set was used, and the final

MgCb concentration was decreased to 1.5 mM.

The oligonucleotide primers and primer concentrations used in all PCR reactions are
listed in Table 2.2 and reaction conditions in Table 2.3. All amplification reactions
were performed in a MiniCycler™ (MJ Research, INC., Watertown, MA).
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Table 2.3: Thermocycler programmes, step design, cycle number and
corresponding citation used with oligonucleotide primers.

PCR

Step-1

Program

Pre-

Step-2
Denaturation

Step-3
Annealing

Step-4

No.

Extension

cycles

72°C-2min

35

of

Reference

denaturation
RW3A

95°C-5 min

94°C-lmin

54°C-1 min

Del Vecchio et
al., 1995

Multiplex

94°C-2 min

94°C-20 sec

57°C-1 min

72°C-lmin

35

PCR

Fratamico

et

al., 2000
94°C-2 mm

fliChv

94°C-20 sec

57°C-1 min

72°C-lmm

35

Fratamico

et

al., 2000
Riborlype

94°C-2 mm

94°C-1 min

55°C-1 min

72°C-lmm

35

Kostman et al.
1992

2.2.11: Plasmid isolation from cells
•

Isolates were grown in 10 ml LB broth overnight at 37”C. The plasmid was
purified from this bacterial culture using the Wizard® Plus SV Minipreps
DNA purification system (Promega) as follows:

•

Four millilitres of each bacterial culture was pelleted at 12,000 rpm for 5 min
and the supernatant was discarded.

•

Cells were resuspended in 250 pi cell resuspension solution and thoroughly
mixed by repeated pipetting.
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•

Ten microlitres of alkaline protease solution was added to the cells, which
were incubated for 5 min at room temperature.

•

This mixture was then neutralised by inverting the tubes 4 times after adding
350 pi neutralising solution.

•

The bacterial lysate was then centrifuged at 12,000 rpm for 10 min at room
temperature after which the cleared lysate was decanted into a spin column,
which was inserted into a 2 ml collection tube and centrifuged at 12,000 rpm
for 1 min. Any flow through was discarded.

81

Section 3
Results and Discussion

3.1:

IM-ECL results using the ORIGEN^^ analyser

3.1.1: Limit of detection of the ORIGEN™ Analyser

The limit of detection of the IM-ECL method in detecting E. coli 0157 spiked in
unrelated food matrices was determined. Figure 3.1 gives a representation of the
detection limits of the E. coli 0157 assay at various cell numbers in TSB broth using
the ORIGEN'T^ Analyser. A dilution series from an overnight culture of the spiking
strain down to 10’ “ and samples analysed. Plate counts revealed that there was 1.71 x
10^ E. coli 0157 cfu/ml of inoculum.

Table 3.1:

Sensitivity of IM-ECL in detecting low levels of E. coli 0157 in
broth studies after 6 and 22 h incubations using spiked dilutions:

+ive

-ive

control

control

6h

73,515

2,501

22 h

82,787 2,687

cfu/ml

Undiluted

10^

10"*

10^

10*

10-10

10*^

32,870

351,466

124,511

4,433

2,619

2,625

2,671

*n/t

30,641

41,049

38,980 42,522 61,691

>300

>300

171

20

10

2,773
0

*n/t = not tested

After a 6 h incubation period the undiluted inoculum, the 10’“ and 10 dilutions gave
positive ECL signals for the presence of E. coli 0157. The undiluted sample gave a
lower ECL than 10’“ and 10’^ dilutions. This has been observed in similar IM-ECL
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based studies (Bruno, 1999, Yu and Bruno, 1996, Kijek et al, 2000) and is attributable
to the “hook effect”, which describes the inhibition of immune complex formation by
excess antigen concentrations. This effect can be overcome by including a wash step
prior to the addition of the second antibody, which the ORIGEN'^*^ Analyser
facilitated, and also to dilute suspect samples, which was often a necessary step. The
detection limit was 1.71 x

E. coli 0157/ml after enrichment for 6 h at 37°C.

Negative ECL values for the presence of E. coli 0157 were reported for the latter
dilutions (Figure 3.1).

Figure 3.1:

ECL values of spiked TSB broth at varying E. coli 0157
concentrations post 6 and 22 h incubations

400000 T

350

350000 --

300

300000

250

250000
--

200
1'-"’

-

150

-

100

- 50
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6h
'122h
”"cfu/ml

After a 22 h incubation period all samples bar the 10' 1 “ dilution were positive for the
presence of E. coli 0157. This result corresponded to the plate count which indicated
that there was 0 cfu/ml in this particular dilution. All samples after 22 h incubation
were diluted 1/5 and aspirated into the ORIGEN"^^ to avoid the hook effect. ECL
values significantly increased at each dilution (Figure 3.2). The analyser has a
detection limit of approximately 10 cfu E. coli 0157/ml after 22 h incubation at 37°C.
o

This number of organisms were detected in the 10' spiked dilution (Table 3.1).

Figure 3.2:

ECL values of undiluted and diluted (1/5) E. coli 0157 sample
after 22 h incubation.

o

undiluted sample
diluted sample
cfu/ml

>

U

cr

cr

N

N

Dilution
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3.1.2: Analysis of spiked matrices using IM-ECL
A total of 16 unrelated food matrices were tested using the ORIGEN’’’'^ Analyser.
Escherichia coli 0157 (NCTC 12900) was spiked at varying dilutions into a 25 g
matrix, (Table 3.2), diluted 1:10 with an enrichment broth, m-TSB. One matrix
remained unspiked and seiwed as a background control. All samples were incubated at
37°C. Samples were read on the ORIGEN analyser post 6 and 22 h incubation.

Table 3.2:

Matrices tested using IM-ECL.

Meat

Dairy

Vegetables

Juice

Dried products

Others

Raw

Pasteruised Mushrooms

Apple

Baby milk powder

Coleslaw

mince

milk

Dried milk formula

Mayonnaise

(x2)
Cooked

Cheese

Broccoli (x2)

chicken
Cooked

Ice-cream

ham
Sausage
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Six matrices were selected for discussion on the basis of their matrix type and also
interesting findings.

a.

Mince beef
Apple Juice
Baby Powder

d.

Broccoli
Mushrooms
Sausages

Table 3.3:

Average ECL values* for each spiked matrix post 6 h incubation.

10 ^

10*

lO’

10-10

10'^

8,804

8,171

9,069

8,821

7,270

9,169

4,114

8,582

3,699

3,809

3,470

3,959

3,578

1,707

2,457

2,356

2,996

3,229

3,062

3,973

3,709

Sausage

7,435

93,372

27,771

8,579

7,981

8,598

7,783

8,083

Broccoli

28,241

30,201

28,484

33,706

36,029

36,550

34,973

36,123

Mushroom

26,691

17,292

33,658

40,997

Matrix

Backgrd

10^

Mince

8,536

30,335

Apple

4,533

Juice
Baby
Powder

* Three replicates were carried out on each matrix in the 10
dilution range (i.e. lower levels of detection).
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10'^ and 10'*

Table 3.4:

Average ECL values for each spiked matrix post 22 h incubation.

Matrix

Backgrd

10'^

10’^

10^

10*

10’

10-10

10‘-

Mince

4,081

84,252

20,943

5,235

4,687

4,542

4,066

4,517

Apple

2,736

36,437

42,539

37,230

34,981

3,707

3,285

2,629

1,714

7,334

2,309

13,233

15,485

2,124

1,791

1,709

Sausage

16,779

5,585

9,939

8,448

6,429

10,923

21,050

19,953

Broccoli

5,940

176,461

13,767

18,115

82,596

7,265

7,914

179,137

Mushroom

11,232

145,547

193,933

55,640

14,716

12,773

12,003

12,901

Juice
Baby
Powder

Table 3.5:

Average cfu/ml for each spiked matrix post 6 h incubation.

Matrix

Backgrd

Undiluted

10^

10*^

10'^

10*

10’

10-10

10'^

spike

cfu/ml

cfu/ml

efu/

efu/

efu/

efu/

efu/

ml

ml

ml

ml

ml

cfu/ml

Mince

>300

1 X 10"

>300

250

22

1

0

0

0

Apple Juice

0

1 X 10'“

>300

>300

209

10

0

0

0

Baby Powder

0

3 X lO’

>300

262

56

0

0

0

Sausage

>300

1 X 10^

>300

250

22

0

0

0

Broccoli

>300

3 X lO’

>300

262

56

0

0

0

Mushrooms

>300

2x lO’

>300

156

26

0

0

0
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1

2

•

Mince Meat

After 6 h incubation the negative control gave an uncharacteristically high ECL value.
This value set the precedence for a negative value throughout the experiment. The
background control showed confluent growth on LB agar and gave a negative ECL
value for the presence of E. coli 0157. A positive ECL signal was obtained at the 10'^
dilution, indicating the limit of detection of the instrument after 6 h incubation was
approx. 1 X 10'^ cfu/ml. All subsequent dilutions of the spiked mince meat sample
were negative according to ECL values obtained, despite E. coli 0157 present
according to plate count results (Figure 3.3). It is possible that antagonistic pre
existing bacteria present significantly slowed the growth of E. coli 0157 (Void et al,
2000) to such a level as to be non-detectable using the IM-ECL method. A previous
study indicated that competitive microorganisms such as H. alvei and Pseudomonas,
can inhibit and outgrow E. coli 0157 at 37‘’C and neutral pH. In simulated
fermentation broths, the growth rate of E. coli 0157:H7 was consistently slower and
the MPD lower in the presence of a competitive microflora than when grown
individually at 37°C (Duffy et al, 1999).
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Figure 3.3:

ECL values of spiked mince beef samples at varying E. coli 0157
concentrations post 6 and 22 h incubations

100000 r
90000 80000 70000 s
>

U

60000 50000 40000 30000 20000 10000 0 -

^^
■ A'-

Dilution

After 22 h incubation, the background control gave a negative result as expected. The
10'^ and 10'^ dilutions gave positive ECL signals which corresponded to the plate
counts at time 0 which were approx. 1 x lO"^ and 2.5 x 10^ cfu/ml, respectively (Figure
3.3). Negative ECL signals were obtained at every other dilution where E. coli 0157
o

were initially inoculated and detectable up to 10' spiked dilution. Meat is a very
nutritious medium for the growth of microorganisms with many antagonists to
prevent growth of the pathogen. However, positive ECL readings would have been
expected especially at the 10' dilution where the initial inoculum was 2.2 x 10 E.

coli 0157 cfu/ml. Another possible reason for low ECL signals could be attributed to
interference in the bead-bacteria complex formation due to the fatty fraction of the
meat.
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•

Apple Juice

ECL readings indicated a negative signal for the presence of E. coli 0157 in the
background control and all spiked dilutions post 6 h incubation at '^TC. Plate counts
indicated the presence of E. coli 0157 in all spiked dilutions up the 10' where the
lowest detectable level of E. coli 0157 added was 100 cfu /ml (Figure 3.4). The
ORIGEN"^^ Analyser was unable to detect the presence of E. coli 0157, indicating
that the growth of the organism was inhibited. Many studies have been carried out
citing the acid tolerance of E. coli 0157 (Ryu and Beuchat, 1998, Zhao et al, 1993,
Zhao and Doyle, 1994). However, the acid tolerance is strain and temperature
dependent. At refridgeration temperatures the acid tolerance of E. coli 0157 increases
surviving up to 31 days (Zhao et al, 1993). As the incubation temperature increases,
the viability of E. coli 0157 decreases. At 20”C, E. coli 0157 survived up to 1 week
(Zhao and Doyle, 1994), and remained viable but did not grow at pH 4.2, incubating
at 37“C for 24 h. After this time period the organism recovered and growth continued
(Ryu et al, 1998). The growth of the pathogen would also have been affected by the
acid shock, resulting in an increased lag time before the exponential phase (Duffy et
al, 1999). In addition, Ryu et al, (1998) found that malic acid which is the main
organic acid found in apple juice is inhibitory to E. coli 0157 at 37^0. These factors
would have inhibited the growth and hence the detection of E. coli 0157 in this low
pH matrix after 6 h incubation at 37°C.
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Figure 3.4:

ECL values of spiked apple juice samples at varying E. coli 0157
concentrations post 6 and 22 h incubations

After 22 h incubation, the background control gave a negative ECL signal. Positive
signals were obtained for spiked samples in the dilution range 10’ through to 10’
where the initial inoculum was 100 cfu/ml (Figure 3.4). Growth of the organism
occurred after overnight incubation, indicating that this strain of E. coli 0157,
although slow to adapt to new environmental conditions, was acid tolerant.

•

Baby Powder

Post 6 h incubation ECL readings indicated a negative result for the presence of E.
coli 0157 in the background control which corresponded to the plate count which was
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0 cfu/ml. The spiked samples also gave a negative result (Figure 3.5). Reconstituted
baby powder is a very nutritious medium for growth of bacteria. Cow and Gate
premium, a nutritionally complete infant powder was used as the test matrix. The total
fat and protein content (including whey and casein) are 47 and 8% respectively. It has
a low sodium content. It has been previously reported that the IM capture of bacteria
in milk appeared to be impeded by entrapment of the magnetic beads and bacteria in
lumps of lipid or casein, leading to a low ECL signal (Yu and Bruno, 1996).

Figure 3.5:

ECL values of spiked baby powder at varying E. coli 0157
concentrations post 6 and 22 h incubations
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Post 22 h incubation, a negative result was obtained for the background control. A
negative result was also obtained for the 10'^ and 10’^ spiked dilution samples despite
an initial spiking inoculum of E. coli 0157 being, 3 x lO"^ and 2.62 x 10^ cfii/ml
respectively (Table 3.5). Two possible reasons for this result exist, the “hook” effect
due to high antigen loading as Yu and Bruno, (1996), observed at 10“^ and 10^ E. coli
0157 cfu/ml in PBS or the unsuccessful bead-bacteria complex been formed due to
lipid/casein entrapment. The spiking strain was successfully isolated from the 10'^
spiked dilution using ISO 16654 method (Anon, 1998b), section 3.2, proving that it
was present and viable in this sample. Weakly positive ECL signals were obtained for
the 10" and 10' spiked dilutions after overnight incubation. Negative ECL signals
were obtained for the remainder of samples (Figure 3.5).

•

Broccoli

After 6 h incubation the background control gave a highly positive ECL signal
comparable to that of the positive control. The plate counts for the unspiked sample
taken at 0 h and post 6 h incubation diluted to 10'“^ were both too numerous to count
indicating high bacterial loading. ECL readings indicated a positive result for E. coli
0157 in all spiked dilution samples post 6 h incubation, despite spiked dilutions 10'^,
10'^^ and 10'^^ having 0 cfu/ml added at time zero (Figure 3.6). Cross-reactivity was
apparent whereby bacteria sharing similar antigen structures were binding to the
polyclonal antibody used in the test kit. All samples were retained for further analysis
and will be discussed in section 3.3.
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Figure 3.6:

ECL values of spiked broccoli at varying E. coli 0157
concentrations post 6 and 22 h incubations

200000
180000 f
160000
140000

3

120000

6I1

-

100000 f I

CIIZi22h
““ "“cfuy'ml

.•o^
-O'

-O

^

^
o'^ ^

<v

^

.08?
Dilution

The background control was negative post 22 h incubation, which was inconsistent
with the 6 h result. Bacteria capable of binding to the polyclonal antibody had
increased in number after the 22 h incubation period. A positive signal was obtained
c

post 22 h incubation for spiked samples in the dilution range 10' through to 10'

o

which corresponded to the plate counts at 0 h (Figure 3.6). The 10'^° spiked dilution
was negative corresponding to the plate count, but inconsistent with the 6 h result.
This may be explained by the action of the “hook” effect previously described. In this
situation, however, high bacterial loading of the indigenous cross-reacting bacteria
present in the broccoli sample were unable to bind to the polyclonal antibody causing
a negative signal. A highly positive ECL signal was obtained in the 10'
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dilution

sample, despite no E. coli 0157 cells added. In this particular sample an ECL reading
was attainable. All samples were retained for further analysis (section 3.3).

After the 22 h incubation period, the background control was serially diluted to a final
o

dilution of 10' to estimate the concentration of viable organisms in the original
n

sample. It was determined to be 2.0 x 10 cfu/ml, indicating a high bacterial loading in
the broccoli sample after 22 h incubation at 22*^0.

•

Mushroom

Post 6 h incubation, the ECL readings of the unspiked background control indicated a
positive result for the presence of E. coli 0157. The plate count of the unspiked
background control diluted to 10"^ taken at 0 and 6 h were too numerous to count after
overnight incubation at 37°C, signifying high bacterial loading of competing strains.
High ECL signals were obtained for the spiked dilutions 10’^, 10"^ and 10~^ which
corresponded to E. coli 0157 numbers obtained by spread plate (Figure 3.7). As the
run was aborted after these samples, no other results post 6 h incubation were
obtained.
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Figure 3.7:

ECL values of spiked mushrooms at varying E. coli 0157
concentrations post 6 and 22 h incubations
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Post 22 h incubation a positive ECL signal was also generated for the background
unspiked control and all spiked dilution samples, even though 0 efu/ml was present in
the control and the 10'^, 10''^ and 10’^^ spiked dilutions (Figure 3.7). Competing
strains were responsible for this result leading to all samples been retained for further
analysis (section 3.3)
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•

Sausage meat

Post 6 h incubation, a negative ECL reading was obtained for the presenee of E. coli
0157 in the background control sample, corresponding to the plate count where
numbers were too numerous to count down to 10”^ dilution. Positive ECL readings
v/ere obtained for the 10*^ and 10'^ spiked dilution samples corresponding to the plate
counts received which were approx. 1 x lO'^ and 2.5 x 10^ cfu/ml respectively.
Negative results were obtained for all other spiked dilutions although the 10' and 10'
had an initial inoculum of 2.2 x 10 cfu/ml and 10 cfu/ml, respectively (Figure 3.8).
The indigenous flora of the mushroom matrix was high as previously mentioned. It is
possible that the growth of E. coli 0157 was poor due to a highly competitive
environment. This, and the fatty fraction of the sausage meat interfering with
successful bead bacteria formation, could be a possible explanation for this result.

Figure 3.8:

ECL values of spiked sausage at varying E.
concentrations post 6 and 22 h incubations
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coli 0157

Post 22 h incubation a positive result for the presence of E. coli 0157 was detected in
the background control, despite no E. coli 0157 cells present. Enrichment at a longer
incubation time allowed the proliferation of competing bacteria sharing similar
antigenic structures (post 6 h incubation a negative ECL result was obtained [Figure
3.8]). A negative result was obtained in the 10'^ and 10'^ spiked dilutions possibly due
to the “hook” effect due to high antigen loading. Concentration of E. coli 0157 cells
in the 10'^ spiked dilution after 22 h incubation using the IMS procedure, successfully
isolated and confirmed the viability of the spiking strain (section 3.2). As with the 6 h
result a negative result was obtained for the 10' and 10' spiked dilution samples
(Figure 3.8), indicating antagonistic pre-existing bacteria slowing the growth of E.
coli 0157 (Void et al, 2000). A negative result was obtained for the 10'^ dilution
indicating no E. coli 0157 cells present corresponding to the initial plate count.
Positive ECL signals were obtained for the 10'’^ and 10'*“ spiked dilution samples,
initial plate counts of which were 0 cfu E. coli 0157/ml, indicating the presence of
cross-reacting strains. The background control and all spiked dilutions post 22 h
incubation were retained for further analysis.
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METHODS USED IN THE DETECTION OF£^. CPU 0\S1

O/n culture of non-VTEC E. coli 0157

Dilutions prepared and cfu’s determined

Seven x 25 g of food matrix added to 225 ml m-TSB

4.

4.
Background count

Samples spiked with appropriate dilution. One sample
is left unspiked. All samples are incubated at 37®C.

^

V _________

Post 6 h incubation

Post 20 h incubation

“IP
Detection with ORIGEN''^^ analyser

Detection with ORIGEN™ analyser
4.

Sample of highest dilution factor positive with ORIGEN™ analyser

4

^
Concentration of E. coli 0157 organisms using immunomagnetic separation (Dynal)
4^
Confirmation

V
TC-SMAC

Rainbow® agar

4^

4^

Sorbitol negative colonies

Steel grey colonies

4.

LB agar
4^
API 20E

Positive E. coli identification
4.

Negative E. coli identification

Latex test
4.
DNA fingerprinting
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3.2:

Validation of the IM-ECL method using ISO 16654

To validate the IM-ECL method, a standard method-ISO 16654 (Anon, 1998b) was
carried out simultaneously. To confirm the presence of E. coli 0157 in each of the 16
spiked matrices (Table 3.2), IMS was carried out on the sample of highest dilution
factor, 10'^. The bead-bacteria complex was swabbed onto TC-SMAC and incubated
overnight at 37^C. Non-sorbitol fermenting colonies were successfully isolated from
each matrix. A pure culture of each isolate was stored on LB agar slants, from which
all remainder tests were carried out. All isolates displayed a characteristic charcoal
grey colour on the second selective agar (Rainbow agar), indicative of E. coli 0157.
Strong agglutination using the latex test was observed for all isolates. Table 3.6 gives
a representative sample of the phenotypic characteristics of E. coli 0157 isolates
recovered from all 16 matrices.

Table 3.6:

Phenotypic characteristics of spiked E. coli 0157 recovered from
10’^ dilution by IMS after 22 h incubation at 37^C.

*

Matrix

TC-SMAC

Rainbow® agar Latex test

Mince

*n.s.f

Grey colonies

**++++

E. coli

Apple Juice

n.s.f

Grey colonies

++++

E. coli

Baby Powder

n.s.f

Grey colonies

++++

E. coli

Broccoli

n.s.f.

Grey colonies

++++

E. coli

Mushrooms

n.s.f

Grey colonies

++++

E. coli

Sausage Meat

n.s.f

Grey colonies

++++

E. coli

API 20E

n.s.f. = non-sorbitol fermenting, ** ++++ — strong agglutination
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3.3:

Examination of samples causing cross reactivity:

The accuracy of immunological methods is dependent on the reliability of the
antibody-antigen binding and requires selective binding of low numbers of E. coli
0157 ceils amidst a large background of non-0157 cells. Interesting results were
found in 3 particular matrices - broccoli, mushrooms and sausage meat. The capture
reagent contained polyclonal antibodies linked to paramagnetic beads. It was evident
that cross-reacting strains of bacteria with similar antigenic structure were binding to
the antibody resulting in false positive results. Further investigations were carried out
attempting to isolate the bacteria responsible for this non-specific binding.

3.3.1: Phenotypic characteristics of suspect cross-reacting strains

3.3.1.1:

IMS using capture reagent

IMS was carried out on all retained samples giving suspect positive results for the
presence of E. coli 0157. From all retained samples a 10 ml volume was transferred
to sterile containers for further analysis.

The 22 h protocol as outlined in section 2.2.4 was followed with one modification.
The Dynalbeads were substituted for the anti-^”. coli 0157 capture beads used with
the ORIGEN™ Analyser. The samples were processed as normal. The resulting beadbacteria complex was swabbed onto TC-SMAC and incubated overnight at 37°C.
Sorbitol fermenting properties and colony morphology were examined on all CTSMAC plates. Observations are described below.
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Broccoli:

On the background control and all spiked samples, a mixed population

of non-sorbitol fermenting and in smaller numbers sorbitol fermenting colonies were
isolated.

Mushroom:

A mixed population of non-sorbitol and sorbitol fennenters were

isolated from the 10'^ spiked dilution sample. It was observed that sorbitol fermenting
background micoorganisms proliferated and out competed non-sorbitol fermenting
colonies at concentrations of approximately 10^ and 10“^. Confluent growth of these
sorbitol fermenters occurred in samples where no E. coli 0157 cells were present. The
unspiked background microflora also showed similar microbial populations as the
other samples.

Sausage:

The indigenous microflora of the background control consisted of

sorbitol fennenting colonies. Non-sorbitol fermenting colonies were isolated from the
10'^ spiked dilution sample, indicating successful growth of the spiked organism. A
mixed population of sorbitol and non-sorbitol fermenting colonies were isolated from
the 10' and 10' spiked dilution samples. As E. coli 0157 numbers decreased the
background microbial flora grew in the higher dilutions.

From the above results it was evident that microbial competition was an important
factor in the growth and detection of E. coli 0157 using IM-ECL. The unique
background microflora of each matrix appeared to interfere with the binding avidity
of E. coli 0157 to the antibody used for antigen capture. This was particularly evident
when low levels of E. coli 0157 were present. Proliferation of competitor
microorganisms, sharing similar antigenic structure has also been reported in two
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separate growth studies on ground beef and unpasteurised milk (Void et al, 2000,
Wang et al, 1997). In IM-ECL this is an important factor in terms of the selectivity
and specificity of the assay. If out competed, the likelihood of attachment of the target
organism decreases in a competing environment such as this. This is further
compounded when the microflora shows binding avidity to the antibody used.
Available epitopes on the antibody become filled with non-0157 organisms and this
non-specific binding can have a direct effect on the ECL signal obtained. With the
attachment of the ECL label to a different epitope on the non-0157 antigen, a false
positive ECL signal will be generated. This is dependent on the amount of analyte
present on the surface of the electrode before voltage application. Non-specific
binding of non-0157 microorganisms during the capture phase of the IM-ECL have
been previously reported (Shelton et al, 2003).

In a study similar to this, cross

reacting strains present in mushrooms were also responsible for false positive results
using IM-ECL and the ORIGEN'^'^ analyser (Chapman, personal communication).

3.3.1.2 Screening of isolates showing similar morphological characteristics:
A total of 50 colonies were selected on the basis of similar morphological
characteristics from the 3 matrices.

Broccoli:

8 non-sorbitol fermemters and 3 sorbitol fermenters were selected
(Table 3.7).

Mushroom:

4 non-sorbitol fermenters and 15 sorbitol fermenters were selected
(Table 3.8).

Sausage:

5 non-sorbitol fermenters and 15 sorbitol fermenters were selected
(Table 3.9).
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Each selected colony was subcultured onto LB slants, incubated for 22 h at 37°C and
retained at 4°C for further investigations.

3.3.1.3 Gram staining
Gram staining was carried out on all isolates revealing all were Gram-negative
bacteria.

3.3.1.4 Selective agar
Isolates were further sub-cultured onto the second selective agar, Rainbow agar,
followed by incubation overnight at

Broccoli:

Three isolates appeared as charcoal grey indicative as E. coli 0157.

These were isolated from the lower spiked dilutions. Eight colonies isolated from the
background control and various spiked dilutions appeared cream on this agar.
(Table 3.7).

Mushroom:

Three colonies were presumptively identified as E. coli 0157 and were

isolated from the 10'^ and 10'^ spiked dilutions. Two isolates appeared opaque and 14
appeared cream on this agar indicative of non-jE. coli genera (Table 3.8).

Sausage:

Two colonies appeared charcoal grey on this medium indicative of E.

coli 0157, again isolated from a spiked dilution. Three colonies appeared pink
representing non-toxigenic E. coli. Fifteen colonies appeared cream indicating genera
not of E. coli (Table 3.9).
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RA plates allow a much easier identification of suspected colonies when a sample
contained a lot of contaminating flora (Tutenel et al, 2003).

3.3.1.5 Biochemical identification of suspect isolates
Identification of microorganisms was further investigated using the biochemical API
20E identification system. Different genera were identified and included Citrobacter,
Enterobacter, and E. coli in all three matrices (Tables 3.7, 3.8 and 3.9 respectively).
These microbes are widely distributed in nature and are predominantly found in soil
(Bibek, 1996). The majority of isolates were biochemically identified as Citrobacter
freundii and were present in large numbers. This species is highly competitive when
growing as a mixed population with E. coli 0157 and other Gram-negative bacteria
(Void et al, 2000).

3.3.1.6 Agglutination properties of suspect isolates
The agglutination properties of the test population were determined using the E. coli
0157 latex agglutination kit. Each isolate had different agglutination properties,
between genera and also between strain type. Results of which can be seen in Tables
3.7, 3.8 and 3.9.

Cross-reactivity between commercial polyclonal E. coli 0157 latex beads and non0157 strains have been frequently reported in the literature. These false positive
results are due to structural similarites in the 0-lipopolysaccharide of E. coli 0157
and certain strains from other members of the Enterobacteriaceae family. Some
strains show phenotypic similarity to E. coli 0157 making screening for the pathogen
more complex.
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Enterobacter agglomerans was the predominant Enterobacter species isolated,
displaying cross-reacting capabilities by non-specifically binding to the IM beads
used in an IM-ECL assay. Three strains were isolated from the broccoli sample, 5
from the mushroom sample and 4 from the sausage meat sample ranging from no
agglutination as seen with S7 (Table 3.9) to strong agglutination as seen by PI6
(Table 3.8).

Enterobacter cloacae was another cross reacting species from this genera. One strain
was isolated from the broccoli sample, one from the mushroom sample and 3 from the
sausage sample again all showing different agglutination properties from weak
agglutination S16 (Table 3.9) to medium agglutination PI (Table 3.7), indicating
inter-species variation.

Other E. coli (non-0157) strains were recovered from the IM beads used in this assay,
the majority from the sausage sample. Their colour on the chromogenic Rainbow
agar identified these as non-toxigenic E. coli strains. Other studies have identified
Escherichia hermanii as a common cross-reacting strain agglutinating strongly in E.
coli 0157 antiserum (Lior et al, 1987, Borczyk et al, 1990), and anti-E’. coli 0157
latex particles (Rice et al, 1992). The three strains isolated (3 from sausage sample)
showed medium agglutination when analysed (Tables 3.7 and 3.9, respectively).

Citrobacter freundii was the most frequently occurring cross-reacting strain isolated
g

from all 3 matrices. All strains bar one isolated from the 10' spiked dilution sausage
sample showed sorbitol fermenting properties and appeared colourless on Rainbow
agar. They had varying levels of agglutination using the latex beads, 2 strains did not
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agglutinate with the anti-^". coli 0157 latex beads, 2 strains agglutinated weakly, 10
strains showed medium agglutination, 5 strains had strong agglutination. One
n

particular strain, PI9, isolated from the 10’ spiked mushroom sample agglutinated
very strongly with the anti-^. coli latex beads. Many studies have isolated C. freundii
from clinical trials as a serologically cross-reacting strain with E. coli 0157
(Bettleheim et al, 1992, Park et al, 1998). Nishiuchi et al, (2000) found that LPS
derived from E. coli 0157:H7 and C. freundii could equally detect serum antibodies
against LPS in patients with E. coli 0157:H7 infection.
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Table 3.7:

Phenotypic characteristics of isolates recovered from broccoli
using capture beads and the Dynal IMS procedure.

Code

Source

Rainbow

TC-

Latex
■***

SMAC

API 20E

•

PI

background

*n.s.f

cream

++

Ent. cloacae

P2

background

n.s.f

cream

+

Ent. agglomerans

P3

10'^ spiked dilution

**s.f

cream

++

E. coli HjS ^

P4

10’^ spiked dilution

n.s.f

grey

++++

E. coli

P5

10'^ spiked dilution

n.s.f

grey

++++

E. coli

P6

10' spiked dilution

n.s.f

grey

++++

E. coli

P7a

10'^ spiked dilution

n.s.f

cream

++

P7b

10'^ spiked dilution

n.s.f

cream

-

P8

10'^ spiked dilution

s.f

cream

++

C. freimdii

P9

10’^***
spiked dilution

n.s.f

cream

++

Ent. agglomerans

Cl

10-9 spiked dilution

s.f

cream

++

C. freundii

*

n

n.s.f = non-sorbitol fermenter

**

s.f = sorbitol fermenter

***

- = no agglutination
+ = weak agglutination
+-F = medium agglutination
+++ = strong agglutination
++++ = very strong agglutination
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Ent. agglomerans
Ps. fluorescens

Table 3.8:

Phenotypic characteristics of isolates recovered from mushrooms
using capture beads and the Dynal IMS procedure.

Code

Source

TC-SMAC

Rainbow

Latex
***

API 20E

PIO

Background

**s.f.

cream

+++

Ent. cloacae

Pll

Background

s.f.

cream

+++

Enterobacter spp.

P12

Background

s.f

opaque

+++

C. freundii

P13

Background

s.f.

cream

++

C. freundii

P14

10’^ spiked dilution

s.f.

cream

+++

C. freundii

P15a

10'^ spiked dilution

*n.s.f.

grey

++++

E. coli

P15b

10"''’ spiked dilution

n.s.f

cream

+++

Citrobacter spp.

P16

10'^ spiked dilution

s.f.

cream

+++

Ent. agglomerans

P17

10'^ spiked dilution

n.s.f

grey

++++

E. coli

P18

10'^ spiked dilution

s.f.

cream

++

C. freundii

s.f.

opaque

++++

C. freundii

grey

++++

E. coli

s.f

cream

-

Cfreundii

P19
P20
P21

n

10' spiked dilution
n

10' spiked dilution

n.s.f.

n

10' spiked dilution
n

Ent agglomerans

P22

10' spiked dilution

s.f

cream

P23

10' spiked dilution

s.f.

cream

++

Ent. agglomerans

P24

10'^ spiked dilution

s.f.

cream

+

C. freundii

P25

10'^ spiked dilution

s.f.

cream

+

Ent. agglomerans

P26

10'' ***
spiked dilution

s.f.

cream

+

Ent. agglomerans

P27

10'" spiked dilution

s.f.

cream

++

C. freundii

*
**
ick-k

n.s.f = non-sorbitol fermenter
s.f. = sorbitol fermenter
= no agglutination
+ == weak agglutination
++ = medium agglutination
+++ = strong agglutination
++++ = very strong agglutination
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Table 3.9:

Phenotypic characteristics of isolates recovered from sausage meat
using capture beads and the Dynal IMS procedure.

Code

Source

TC-SMAC

Rainbow

Latex
***

API 20E

SI

Background

**s.f

cream

++

Ent. cloacae

S2

Background

s.f

cream

++

C. freundii

S3

Background

s.f

pink

++

E. coli

S4

10'^ spiked dilution

*n.s.f

grey

++++

E. coli

n

S5

10' spiked dilution

s.f

cream

+++

Ent. agglomerans

S6

10'^ spiked dilution

n.s.f

cream

++

C. freundii

S7

10'^ spiked dilution

n.s.f

cream

-

Ent. agglomerans

S8

10'^ spiked dilution

n.s.f

cream

++

Ent. agglomerans

S9

10'^ spiked dilution

s.f

cream

++

C. freundii

SIO

10'^ spiked dilution

s.f

cream

++

C. freundii

Sll

10''^ spiked dilution

s.f

cream

+++

C. freundii

S12

10'^^ spiked dilution

s.f

pink

S13

10'*^ spiked dilution

s.f

cream

++

Ent. agglomerans

S14

10’ spiked dilution

s.f

cream

+++

C. freundii

S15

10' “ spiked dilution

s.f

cream

+

C. freundii

S16

10'^^ spiked dilution

s.f

cream

+

Ent. cloacae

S17

10' spiked dilution

s.f

cream

-

C. freundii

S18

10'^ spiked dilution

s.f

pink

++

E. coli

S19

10'^ spiked dilution

s.f

cream

+

Ent cloacae

S20

10'^ spiked dilution

n.s.f

grey

++++

E. coli

*

n.s.f = non-sorbitol fermenter

**

s.f. = sorbitol fermenter

ifk-k

_

=

+ =

++ =

no agglutination
weak agglutination
medium agglutination

+++ = strong agglutination
++++ = very strong agglutination

no

C. freundii

3.3.2: IM-ECL analysis of cross-reacting strains using the ORIGEN^''^
Analyser:

It has been established that many cross-reacting strains were isolated by substituting
the D}Tial beads for capture reagent and using the Dynal IMS procedure. The
phenotypic characteristics of each have been previously described (Tables 3.7, 3.8 and
3.9). To investigate which isolate, if any, was responsible for the false positive signals
obtained indicating the presence of E. coli 0157 in the broccoli and mushroom
samples, it was necessary to examine ECL signals of the test population using the IMECL ORIGEN'^’^ analyser. Isolates were grown overnight at 37”C in 5 ml of TSB
broth and the 22 h procedure as described in section 2.2.4 was used for their detection
(samples were diluted 1/100 to avoid high antigen concentrations and the possible
‘‘hook” effect).

In this assay, the capture reagent contained biotinylated capture anti-E”. coli 0157
polyclonal antibodies conjugated to strepavidin coated paramagnetic beads. A bead
bacteria complex is formed when the antibody comes in contact with the E. coli 0157
antigen. Subsequently, anti-£'. coli 0157 antibodies recognising a different epitope on
the same E. coli 0157 antigen, are made into reporter molecules by attaching the ECL
label - Ru(bpy)3‘' . The chemical reaction as described in section 1.12.1.2 occurs
resulting in a positive ECL signal.
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Table 3.10:

ECL signals of cross-reacting strains after 22 h incubation at 37®C

Lab code

Biochemical

ECL signals post 22 h

identification

incubation

+ive control

21265

-ive control

5076

PI

E. cloacae

5155

P2

Ent. agglomerans

5098

P3

E. coli H2S^

4507

P7

Ent. agglomerans

5384

P8

C. freundii

4477

P9

Ent. agglomerans

3006

PIO

E. cloacae

4480

Pll

Enterobacter spp.

3651

P12

C. freundii

5040

P13

C. freundii

4571

P14

Ent. agglomerans

4935

P16

Ent. agglomerans

5491

P18

C. freundii

3725

P19

C. freundii

49492

P21

C. freundii

4805

P22

Ent. agglomerans

5328

P23

Ent. agglomerans

4510

P24

Ent. agglomerans

4550

P25

C. freundii

3582

P26

Ent. agglomerans

3400

P27

C. freundii

3474
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Negative ECL signals were obtained for the majority of cross-reacting strains
analysed (Table 3.10). This result indicated that attachment to anti-0157 IM beads
during the capture phase was non-specific. It is hypothesised that the Ru(bpy)3^^
labelled antibody was unable to recognise a different epitope on the surface antigen of
the cross reacting strains, thus no ECL reaction could take place. A study detecting E.
coli 0157 in surface waters using the ORIGEN™ analyser also isolated cross-reacting
strains when using the same IM beads as for the IM-ECL analysis. The strains
isolated included Klebsiella pneumoniae, Klebsiella oxytoca and Enterobacter
cloacae. None of these strains gave a positive IM-ECL signal (Shelton et al, 2003).

An isolate biochemically identified as C. freundii (PI9) gave a highly positive ECL
signal (Figure 3.9). In this situation, the secondary antibody conjugated to the reporter
molecule Ru(bpy)3 successfully recognised a different epitope on the strains antigen.
The result being, a false positive for the presence of E. coli 0157 in the mushroom
sample. The structure and serologic properties of O-specific polysaccharide of both a
C. freundii strain and an E. coli 0157 were examined by chemical and nuclear
magnetic resonance, and found to be identical (Nishiuchi et al, 2000). This may
explain the positive result indicated for the C. freundii strain using this IM-ECL
assay.

3.3.2.1: Determination of IM-ECL assay sensitivity in detecting C. freundii strain
The C. freundii (P19) culture used was as described in section 3.3.2. A dilution series
was carried out on this isolate down to 10’To determine bacterial numbers each
dilution was plated onto LB agar and incubated overnight at 37”C. Plate counts
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revealed that there was 2.5 x 10 cfu/ml in the bacterial inoculum. The 22 h protocol
was used in the IM-ECL analysis of the C.freundii dilution series.

Figure 3.9:

ECL signals of C. freundii at varying bacterial concentrations
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Table 3.11:

ECL signal of C freundii dilution series after 22 h incubation at
37”C

Control/Dilution

ECL signal

C. freundii (cfu/ml)

+ive control

94481

-

-ive control

4427

-

Undiluted

4688

*TNTC

10’*

20464

TNTC

10’^

115689

TNTC

10'^

74784

TNTC

10’"*

10680

TNTC

10’^

6224

TNTC

10’^

3926

250

10’^

5545

23

10’^

5565

3

10’^

3288

0

lO'io

4320

0

10’*'

3892

0

10''^

5012

0

'*'TNTC = Too numerous to count

The undiluted sample was negative due to the hook effect (high antigen loading). The
10" , 10’“ and 10’ dilution of this C. freundii strain gave positive ECL signals. Cell
concentrations at these dilutions were approx. 3 x 10^, 10^ and 10^ cfu/ml
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respectively. The remainder of the dilution samples gave negative ECL signals
(Figure 3.9).
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3.4

Genotypic Methods

3.4.1: DNA Amplification Fingerprinting (DAF)

Fingerprinting by PCR, using a repeat motif primer set-RW3A, was used as a
definitive method to type E. coli 0157 isolates positive by biochemical and
serological testing. This was important in this validation study to ensure the
successful retrieval and confirmation of the spiking organism. REP-PCR was also
necessary to discriminate between cross-reacting strains obtained from the broccoli,
mushroom and sausage meat samples, and also to detennine the possibility of a
genetic relationship between isolates. This technique was chosen as it is not labourintensive and can provide data on strain molecular epidemiology. Many typing studies
have been performed on bacterial species using the RW3A primer set achieving
excellent results (van der Zee et al, 1999, Hahm et al, 2003, De Bruijn et al, 1996). In
addition, it is possible to use isolates that have been subcultured multiple times
without fear of banding profile deterioration (Kang and Dunne, 2003), which was
important in this study.

3.4.1.1: DAF patterns of E. coli 0157:H7 (12900) strains retrieved from 16
matrices as a result of IMS (confirmation of E. coli 0157 spike).
DNA fingerprinting was performed on all E. coli 0157 isolates recovered from the 16
food isolates analysed and outlined in Table 3.2. REP-PCR of E. coli 0157 strains
yielded 9 ethidium bromide-stained bands, ranging in size from 400 to 1375 bp
(Figure 3.10). All profiles were indistinguishable from the control isolate and
therefore can be considered clonal.
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Figure 3.10: DAF patterns of E. coli 0157:H7 (12900) strains retrieved from 16
matrices as a result of IMS. All DNA products were analysed by conventional agarose
gel (2%) electrophoresis and visualised by staining with Ethidium Bromide (0.1 mg/ml) in
IX TAE buffer. Samples were electrophoresised at 100 V for 90 min. Lane M = Grade
XIV molecular weight marker (Roche Diagnostics). Lane 1 = Raw mince; Lane 2 = Raw
mushrooms; Lane 3 = Mayonnaise; Lane 4 = Cooked chicken; Lane 5 = Cooked ham;
Lane 6 = Ice-cream; Lane 7 = Baby milk formula; Lane 8 = Broccoli; Lane 9 = Cheese;
Lane 10 = Apple juice; Lane 11 = Raw mince; Lane 12 = Pasteurised milk; Lane 13 =
Coleslaw; Lane 14 = Sausage meat; Lane 15 = Dried milk formula; Lane 16 = Broccoli;
Lane 17 = NCTC 12900; Lane 18 = Negative control.

3.4.1.2: DAF patterns of isolates recovered from broccoli, mushrooms and
sausage meat cross-reacting with anti-^". coli 0157 IM capture beads.
DAF DNA fingerprints were obtained for 43 of the 50 isolates recovered from the
broccoli, mushroom and sausage samples using capture beads and the IMS procedure.
Identical DNA frngerprints were grouped into clusters based on a visual comparison
of all profiles resolved after gel electrophoresis. In total, 18 different DNA clusters
were identified using this typing procedure. Five different strains of Enterobacter
agglomerans were identified indicated by cluster groups 1,2,3,8 and 15. Eight
different strains of Citrobacter freimdii (clusters groups 5, 6, 7, 9, 10, 11, 13 and 14)
were identified. Three strains of E. coli were identified, clusters groups 16, 17 and the
non-VTEC spike strain represented by cluster group 18 A single strain of Ent. cloacae
and Pseudomonas (cluster group 4 and 12, respectively) were also identified.
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Table 3.12: Summary of the DNA banding profiles obtained from bacteria
recovered from broccoli, mushroom and sausage samples.

Cluster Sample I.D.
1

PI, P15b, P16, P23,

Fragment

Fragment size Biochemical I.D

No.. . . .

(bp)

5

192-947

Ent. agglomerans

P25
2

P9

5

300-1200

Ent. agglomerans

3

P7b

8

400-2500

Ent. agglomerans

4

PIO

8

200-1200

Ent. cloacae

5

P19

15

192-3000

C. freundii

6

P12, P13, P18

9

350-2000

C. freundii

7

P8

5

800-2500

C. freundii

8

P2

7

450-3000

Ent. agglomerans

9

P24

11

192-3000

C. freundii

10

SI, S2, S5, S6, S8,

5

300-2600

C. freundii

S9, SIO, Sll, S13S17, S19
11

Cl

7

200-1375

C. freundii

12

P7a

6

400-1500

Pseudomonas

13

P3, P14

7

300-1900

C. freundii

14

P21

10

292-2000

C. freundii

15

P22, P26

8

200-1000

Ent. agglomerans

16

S3, S7

6

192-1400

E. coli

17

S12, S18

11

192-3000

E. coli

18

P15A, P17, S5

9

300-3000

E. coli 0157

A typical DNA profile from each cluster was included in a final composite gel (Figure
3.11). One additional profile from cluster 6 (Figure 3.11, lane 8 [P13]) was included
in the final set. Table 3.13 gives a phenotypic summary of the selected isolates chosen
representing each of the 18 clusters identified (PI 3 and PI 8 from cluster 6). Computer
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Figure 3.11: DAF patterns of an isolate representing each rep-PCR group of
the test population: All DNA products were analysed by conventional agarose
gel (2%) electrophoresis and visualised by staining with Ethidium Bromide (0.1
mg/ml) in IX TAE buffer. Samples were electrophoresised at 100 V for 90 min.
Lane M = Grade III and VI molecular weight marker (Roche Diagnostics). Lane
1 = P2; Lane 2 = P3; Lane 3 = P7a; Lane 4 = P7b; Lane 5 = P8; Lane 6 = P9;
Lane 7 = PIO; Lane 8 = P13; Lane 9 = P17; Lane 10 = P18; Lane 11 = P19; Lane
12 = P21; Lane 13 = P23; Lane 14 = P24; Lane 15 = P26; Lane 16 = Cl; Lane 17
= S3; Lane 18 = S5; Lane 19 = NCTC 12900; Lane 20 = Negative control; Lane
21 = S12; Lane 22 = Positive control.

assisted software e.g. GelCompar would have been very helpful in the analysis of the
clustered DNA profiles. A cluster analysis would have formed groups based on the
similarity of DNA fingerprints thereby producing a dendrogram indicating the
relatedness of clustered groups to each other.

3.4.2: Ribotyping
As a final screening method the 18 isolates selected as an example of their individual
rep groups were ribotyped by PCR (Figure 3.12). PCR ribotyping is a fast and reliable
typing method with good typeability and reproducibility for several bacterial species
such as P. cepacia, E. coli and Enterobacter sp. (Oliveira and Ramos, 2002). Three
clinical strains serotyped as E. cloacae, C. freundii and E. agglomerans and E. coli
0157 (12900) were ribotyped as control strains.

PI8, phenotypically different, biochemically identified as C. freundii and from a
different rep-PCR group, showed an identical ribotype pattern to the control E. coli
0157 strain, PI7 (Figure 3.12, lane 9 and 10).
P3 and PI3, biochemically identified as E. coli H2S^ and C. freundii respectively had
very similar ribotype patterns, showing 3 identical strong bands.
P24, P26 and Cl all identified as C. freundii had the same strong band as the control
C. freundii strain (approx 510 bp). All other isolates showed varying ribotype
patterns.

The use of a standardised defmtive typing tool for classifying bacteria is useful.
Biochemical mis-identification of isolates occurred in some instances, in this study,
using the API 20E system. This has been observed in other studies (O’ Hara et al,
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Figure 3.12: Ribotypes of isolates retrieved from broccoli and mushrooms using
IMS. All DNA products were analysed by conventional agarose gel (2%)
electrophoresis and visualised by staining with Ethidium Bromide (0.1 mg/ml) in IX
TAE buffer. Samples were electrophoresised at 100 V for 90 min. Lane M = Grade III
and V molecular weight marker (Roche Diagnostics). Lane 1 = P2; Lane 2 = P3; Lane
3 = P7a; Lane 4 = P7b; Lane 5 = P8; Lane 6 = P9; Lane 7 = PIO; Lane 8 = 13; Lane 9
= P17; Lane 10 = PI8; Lane 11 = Negative control; Lane 12 = NCTC 12900; Lane 13
= P19; Lane 14 = P21; Lane 15 = P23; Lane 16 = P24; Lane 17 = P26; Lane 18 = Cl;
Lane 19 = E". cloacae (CUH); Lane 20 = C.freundii (CUH); Lane 21 = E.
agglomerans (CUH); Lane 22 = Negative control;

1992, O’Hara et al, 1993). Conventional biochemical tests along with molecular
approaches improve the identification of bacteria cultured from different food
matrices.

Isolates serving as the test population for virulence characterisation in the following
section can be seen in Table 3.13.
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Table 3.13:

Phenotypic summary of the test population narrowed down to 18

isolates on the basis of their clustered DNA fingerprints.

Code

Cluster

TC-SMAC

Rainbow

Latex

API 20E

P2

8

n.s.f.

cream

--

Ent. agglomerans

P3

13

s.f.

cream

++

E. coli H2S^

P7a

12

n.s.f

cream

++

Ent. agglomerans

n.s.f

cream

-

Ps. fluorescens

P7b
P8

7

s.f

cream

++

C. freundii

P9

2

n.s.f

cream

++

Ent. agglomerans

PIO

4

s.f

cream

+++

Ent. Cloacae

P13

6

s.f

cream

++

C. freundii

P17

18

n.s.f

grey

++++

E. coli

P18

6

s.f

cream

++

C. freundii

P19

5

s.f.

opaque

++++

C. freundii

P21

14

s.f.

cream

-

C freundii

P23

1

s.f.

cream

++

Ent. agglomerans

P24

9

s.f.

cream

+

C. freundii

Cl

11

s.f.

cream

++

C. freundii

P26

15

s.f.

cream

+

Ent. agglomerans

S3

16

s.f

pink

++

E. coli

S5

18

s.f.

cream

+++

Ent. agglomerans

S12

17

s.f

pink

++

C. freundii
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3.4.3: Virulence factors in non-0157 E. coli 0157 and members of the
Enterobacteriaceae family.
Non-0157 VTEC, in particular serogroups 026, Olll, 0103 and 0145 and other
members of the Enterobacteriaceae are progressively been linked to the development
of HUS due to the production of verotoxins (Paton and Paton , 1996). Certain strains
of C. freundii producing a vero-like 2 related toxin have been reported to produce
HUS (Schmidt et al, 1993). Verotoxin production was observed also in other
members of the Enterobacteriaceae including Enterobacter cloacae (Paton and Paton,
1996) and the Shigella spp. (Toth et al, 2003). Some C. freundii strains can also have
an active eae gene, contributing to its attachment and virulence in the colon (Hubbard
et al, 1998). Horizontal transmission of these virulence factors have played a crucial
role in the evolution of these strains.
To determine if the final test population of strains isolated (Table 3.13) harboured any
E. coli 0157:H7 virulence characteristics, a PCR assay (Fratamico et al, 2000) was
used including primers targeting the eaeA, v/1, v/2 and hemolysin genes of E. coli
0157:H7. One isolate (S3) isolated from sausage meat was identified as a non-0157
isolate on Rainbow® agar.

Single PCR assays were carried out using individual primer sets for the respective
genes and successful amplification of each targeted gene was obtained.

3.4.3.1: eaeA gene
One isolate coded PI 3 was positive for the presence of the eaeA gene (Figure 3.13). It
was biochemically identified as C. freundii and was isolated from the sausage meat
sample. Some C. freundii strains can also have an active eae gene, contributing to its

123

M

1

8

9

10

11

12

M

397 bp

1000 bp
397 bp

500 bp

Figure 3.13: Isolates containing the eaeX gene All DNA products were
analysed by conventional agarose gel (2%) electrophoresis and visualised by
staining with Ethidium Bromide (0.1 mg/ml) in IX TAE buffer. Samples were
electrophoresised at 100 V for 90 min. Lane M = Grade XIV molecular weight
marker (Roche Diagnostics). Lane 1 = P2; Lane 2 = P3; Lane 4 = P7a; Lane 5 =
P7b; Lane 6 = P8; Lane 7 = P9; Lane 8 = PIO; Lane 9 = P13; Lane 10 = P17;
Lane 11 = P18; Lane 12 = P19; Lane 13 = P21; Lane 14 = P23; Lane 15 = P24;
Lane 16 = P26; Lane 17 = Cl; Lane 18 = S3; Lane 19 = S5; Lane 20 = Positive
control; Lane 21 = Negative control

attachment and virulence in the colon (Hubbard et al, 1998). All other isolates were
negative for this gene.

3.4.3.2: Vero-like toxin-producing genes {vt 1 and 2)
All isolates were negative for the presence of vero-like toxin-producing genes. No
positive control was available for this particular PCR as a non-VTEC producing strain
was used throughout this study. Results, therefore, could be questionable.

3.4.3.3: Plasmid encoded hemolysin gene (/2/j933)
All isolates were negative for the presence of the hemolysin gene. E. coli isolates of
serogroups 026 and 0111 commonly produce enterohemolysin. The E. coli isolates
in the test population did not contain this gene.

3.4.3.4: Determination of the presence of the H7 flagellin
The test population were also examined for the presence of the H7 flagellar antigen,
paying particular attention to the non-0157 E. coli isolate (S3) isolated from the
sausage meat sample. Gannon et al (1997) characterised the fliC genes of a collection
of E. coli strains with the H7 flagellin. PCR primers synthesised on the basis of the
fliCwi sequence amplified DNA fragments of a predicted size from all isolates
including 01:H7, 018ac:H7, 019:H7, 088:H7 and 0156:H7 but not of the other H
serotypes. All isolates were negative for the presence of this gene.
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3.4.4: Plasmid analysis:
Antibiotic resistance in food related bacteria is of growing concern. Excessive clinical
use of antibiotics has been implicated as the primary cause of the rise in resistant
bacteria in recent years. However, resistant bacteria from animals, zoonotic bacteria
or intestinal flora can infect or reach the human population not only by direct contact,
but also via food products of animal origin. These resistant bacteria can either
colonise the human humans and/or transfer their resistant genes to other bacteria
belonging to the endogenous flora of man (van den Bogaard and Stobberingh, 2000).
Antibiotic resistant genes in Gram-negative bacteria are acquired and can be found on
many additional DNA elements such as plasmids.

A study was carried out on the final test population (Table 3.13) to determine if any of
the strains contained plasmids. Total genomic DNA (including any residual plasmids)
was isolated from the test population using the previously described Wizard Plus SV
Minipreps DNA purification system (section 2.2.11). Isolates harbouring plasmids
were electrophoresed on a separate gel and can be seen in Figure 3.14.

The identification of plasmids in isolates tabulated in Table 3.14 indicate their ability
to deliver/acquire antibiotic resistant genes by horizontal gene transfer to/from other
organisms.
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Figure 3.14: Plasmid analysis. Lanes M = molecular weight marker III (Roche
Diagnostics); Lane 1 = PI; Lane 2 = P2; Lane 3 = P3; Lane 4 = P7Y; Lane 5 =P8;
Lane 6 = P9; Lane 7 = PIO; Lane 8 = P13; Lane 9 = P14; Lane 10 = P17; Lane 11
= P19; Lane 12 = P21; Lane 13 =P23; Lane 14 = P24; Lane 15 = P26

Table 3.14:

Plasmid profile of strains in study collection

Lane

Code

Bacterial I.D.

Plasmid size (kbp)

1

PI

Ent. cloacae

21

2

P2

Ent. agglomerans

21

3

P8

C. freundii

5

4

PIO

Ent. cloacae

5

5

P17

E. coli

21

6

P23

Ent. agglomerans

21

7

P24

C. freundii

5, 8
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Section 4
Conclusions

4.1:

•

Conclusions:

The limit of detection of the ORIGEN™ Analyser using the IM-ECL method in
detecting E. coli 0157 following broth studies was 1.7 x lO'^ and 10 cfu/ml after
6 and 22 h incubations at 37°C.

•

While the broth studies indicated a rapid and sensitive method, the matrix type
can interfere with the growth of the organism after 6 h incubation at 37°C. This
was observed with the apple juice and reconstituted baby powder samples,
where the instrument was unable to detect inoculated E. coli 0157 cells at a
concentration of 1 x 10^ and 1 x lO"^ cfu/ml, respectively. The organisms growth
was probably effected by the low pH of the apple juice and bead-bacteria
entrapment in the lipid or casein fraction of the reconstituted baby powder. An
extra filtration step may help remedy this problem.

•

Occasionally, in the higher bacterial dilutions, a negative ECL value was
obtained and was attributable to the “hook” effect. Once samples were diluted,
this problem was overcome.

•

Wherein each dilution point was tested in triplicate, the ORIGEN™ Analyser
lacked reproducibility on many occasions. An increase in the number of
samples tested at any given dilution point may statistically improve the
attainment of the true result.

•

One of the main concerns with this assay was the evidence of cross-reactivity
occurring between E. coli 0157 and other members of the Enterobacteriaceae
family sharing similar O-antigenic structures. Highly positive ECL signals were
obtained in unspiked samples of 3 particular matrices-broccoli, mushrooms and
sausage. These false positive results affect the integrity of the assay. An effort
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must be made to substitute the polyclonal with monoclonal antibodies to
increase the specificity of the assay while retaining and aiming to improve its
sensitivity.
The ORIGEN"^^ Analyser and the developed IM-ECL method shows promise to
compete in the rapidly growing early pathogen detection system market.
However, more work needs to be carried out on the immunoassay detection kit
for improved specificity. Also a major drawback of this instrument was its lack
of robustness. The many times it was out of service would be unacceptable in a
busy commercial laboratory.
DNA fingerprinting and ribotyping by PCR proved excellent and superior
methods for isolate characteristion when compared to the biochemical
identification system also employed in this study.
While no virulence E. coli 0157 markers were detected in the study population,
the multiplex PCR indicated a rapid means of their detection, if present.
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Section 6
Appendices

Appendix 1
DNA molecular weight markers

DNA molecular weight markers

Grade V

Grade III

158^<

1375
925
831
I— n4/75/Dl/
21 /1 8/111

Grade XIV

20U

HjU

Appendix 2
Example of ORIGEN^”^ Analyser printout

CuiriCklofoxficeo) Post G-h.

_______
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ORIGEN ANALYZER DETAILED EXPERIMENT REPORT

0157-6HRS-10/04/01-CHICKEN
le
E.
Carney
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a File
36
leriment
04-10-01 20:20
e
•*•**•*••*••*■***■*•*★•*:•*■■*•★•*••*•★■*•************************ ★ •*••*••*•■*•*■*■****★★★******************
numbers:
36702
Assay buffer
36423
Cell cleaner
36552
Bead
36595
Antibody
36737
Other
**★*★*■*•*•*■*■★•*•★★*■*•*★•*■•*■*********************** ★ **•*■*■*■*•*■*★•*•★*■*********************
say Parameters:
: IRS
Name
Bead capture
Method
1000
Assay gain
2.8 micron
Bead type
Export file format : Tab delimited
Average
Analysis
Subtract
Background
Disabled
Raw data
Normal
Vortex speed
Ramp
Waveform
Ramp rate
: 4800
2800
Ramp next
Capture
speed
: 40
175
Draw volume
POP
: 0
300
Sample volume
12
Extra
cleaning
time:
10
Bead wash time
*****************************************************************************
istrument Data:
2.07
ORIOS revision
Serial number: 540
2
Instrument
revision
Model number : 1000
11
Firmware
version
Heaterl
: 35
3.16
Firmware
revision
Heater2
: 35
I
FRIndex
: 0.860
***************************************** •*■■*•■**••*■■*••*■■*■■*■•*•***★***********************
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i

|riment 36, Data File: 0157
[y buffer reading = 1205

Ix

Dark/ABCur LED/CC Cur Pp/PeakCur Cell Temp. A

ECL

1

31184

2

5075

3

2218

4

29657

:

5

2528

5

6

1949

1

7

2020

3

8

2027

9

9

2190

.0 10

2363

I 11

2376

.2 12

2466

.3 13

2437

A 14

2497

15 15

1853

16 16

2102

1532
5267
1546
6060
1546
6148
1550
6148
1551
6236
1559
6060
1580
6236
1565
6148
1576
6148
1581
6148
1602
6148
1593
6060
1601
6113
1617
6148
1641
6060
1611
5972

37395
18652
37323
19188
37242
19188
37361
19188
37296
18917
37466
18836
37449
18729
37705
18568
37463
18842
37493
18821
37515
18219
37518
18736
37528
18748
37576
18748
37433
18503
37505
19181

yperiment status : No errors
Ind Report

CO

2147
13021
2156
13197
2262
12933
2218
12933
2200
13109
2165
12844
2209
12844
2187
12933
2236
13021
2262
12844
2244
12996
2191
13109
2253
13109
2297
13087
2280
12933
2236
13021
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31651
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31663
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■s^X^d lo'^A
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31776

■S^iUc/

Mu(?dn\
10

ftdiLhoy

31795
31813

-Sfik^d

31831

-spt hd id"^C
i'O

31849

,i2 ddxL^
31868

r

id
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**************'*-'*--*-it*-'*-'*-'*-***'*-**'*-*-*-*****-*’*********'*-********'*^**’*‘*‘**********'*******
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E. Carney
0157
37
04-11-01 12:42
*■■*■•*••*■■*•**•*■*•*••*■*•*■*■*•■*•■*■■*••*••*•■*•★■*■■*■★★★■*■■*■■*••*■■*■***★•*■**•*•*****★*■*■■*■*■*■*★★***■■*■■*■****■*■*•★■*•■*********■*

le
rator
a File
leriment

; numbers:
Assay buffer
Cell cleaner
Bead
Antibody
Other

: 36702
: 36423
: 36552
: 36595
: 36737

**•*••*■•*••*•*•*■■*••*■**★•**•*•■*■■*•***■*•*■*•*••*•*•*■*■*•★**■*■★*•*■*•*■*••*•■*•*★■*•■*•★■*•■*■■*•*•■*■•*•**•*■■*•***★■*■*****■*■•*•■*•■*••*••*■•*■*■*•**

say Parameters:
IRS
Name
Bead capture
Method
Assay gain
1000
2.8 micron
Bead type
Export file format : Tab delimited
Analysis
: Average
Background
: Subtract
Raw data
: Disabled
Vortex speed
: Normal
Waveform
: Ramp
4800
Ramp rate
Ramp next
: 2800
40
Capture speed
Draw volume
: 175
0
POP
Sample volume : 300
Extra cleaning time: 12
Bead wash time: 10
*★★★•*••*■•*■•*■*•*■•*••*■**■*■**■*••*•★**•*••*••*••*■•*•*•*•***■*■•*■***■*■■*•*•*■*•*•*■*■■*••*■*■★•*■■*•★**•*•**■*•*■★*•*■*•■*••*••*■•*■■*•***•*■*■*•■*•*•■*■•*•■
astrument Data:
Serial number
Model number
Heaterl
Heater2
FRIndex

540
1000
35
35
0.860

ORIOS revision
Instrument revision
Firmware version
Firmware revision

2.07
2
11
3.16

****•*■•*■******•*****•*■**•*•***•*■*•■*•■*••*■■***•*•*****■*★****■*■***★*■•*■***★**■*■*•****•*■*******■***★***
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isriment 37, Data File: 0157
ay buffer reading = 1241

1

Ix

Dark/ABCur LED/CC Cur Pp/PeakCur Cell Temp. A

ECL

1

1555

1

2

108508

i

3

132011

1

4

111073

5

5

78499

6

6

103247

7

7

2666

8

8

178107

,9

9

156717

,0 10

2108

1 11

1855

12 12

1933

13 13

1579

14 14

1329

15 15

170528

16 16

3876

1833
5708
1887
6148
1846
6236
1883
6325
1885
6325
1888
6236
1879
6236
1912
6325
1899
6325
1927
6281
1909
6236
1921
6236
1946
6236
1950
6236
1922
6278
1924
6236

37001
18836
36959
19042
37145
19048
37244
18931
37180
19181
37252
19188
37355
19273
37432
19012
37266
18836
37420
19362
37516
19012
37550
18924
37538
19336
37583
19181
37620
19629
37713
19308

^periment status : No errors
!nd Report
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13021
2262
13285
2244
13461
2289
13285
2288
13285
2262
13197
2244
13234
2280
13109
2262
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2236
13109
2333
13197
2333
13190
2271
13109
2244
13109
2165
13021
2236
13109
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32663
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0157-11/04/01-6HRS-COOKED HAM
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04-11-01 20:11

; numbers:
Assay buffer
Cell cleaner
Bead
Antibody
Other

:
:
:
:
:

36702
36423
36552
36595
36737

say Parameters:
IRS
Name
Method
Bead capture
Assay gain
1000
2.8 micron
Bead type
Export file format ; Tab delimited
Analysis
: Average
Background
: Subtract
: Disabled
Raw data
Vortex speed : Normal
: Ramp
Waveform
Ramp rate
Ramp next
: 2800
Draw volume
Capture speed
: 175
POP
Sample volume : 300
Extra cleaning time
Bead wash time: 10

4800
40
0
12

*■*•*■**★★**•*★★★•*■★■**★•*★★■*•★•*•**•*•***■** •*■★*■*•*•*★■*■*■★■*•■*•■*■■*■■*•■*■■*■*••*■•*•■*■•*•■**■*■•*■

nstrument Data:
Serial number
Model number
Heaterl
Heater2
FRIndex

540
1000
35
35
0.860

ORIOS revision
:
Instrument revision:
Firmware version
:
Firmware revision :

2.07
2
11
3.16
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sriment 38, Data File: 0157
ay buffer reading = 1111

Ix

Dark/ABCur LED/CC Cur Pp/PeakCur Cell Temp. Alarm

ECL

1
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!

2
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1

4
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5

5

2056

5

6

2130

7
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8

8
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9

9

1882
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L2 12
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L4 14

2338
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16 16

1800
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2028
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1980
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6236
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6163
2021
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1995
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2031
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2038
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2016
6148
2025
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2022
6236
2058
6325

ixperiment status: No errors
Jnd Report

37201
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37057
19893
37204
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37224
19364
37403
19005
37454
19568
37523
19541
37475
19030
37508
18917
37464
19396
37392
19188
37517
19181
37406
19389
37600
18690
37458
18836
37546
19297

2103
13202
2165
13197
2280
13197
2174
13109
2094
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2209
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-
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ORIGEN ANALYZER DETAILED EXPERIMENT REPORT
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a File
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0157-12/04/01-22HRS-COOKED HAM
E. Carney
0157
40
04-12-01 13:16

numbers
: 36702
Assay buffer
Cell cleaner
: 36423
: 36552
Bead
Antibody
: 36595
: 36737
Other
ir***********'*'*'*'**-'*-********-**********-*'*-^*****-********-******'*'*****'*'*-**-*'***-*****-*say Parameters:
IRS
Name
Bead capture
Method
1000
Assay gain
2.8 micron
Bead type
Export file format : Tab delimited
Average
Analysis
Subtract
Background
Disabled
Raw data
Vortex speed
Normal
Ramp
Waveform
4800
Ramp rate
Ramp next
2800
40
Capture speed
175
Draw volume
0
POP
300
Sample volume
Extra cleaning time: 12
Bead wash time: 10

astrume^t Data:
Serial number
Model number
Heaterl
Heater2
FRIndex

O^IOS r^y^e:j.oi^
Instrument revision
Firmware version
Firmware revision

540
1000
35
35
0.894

2.07
2
11
3 .16
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sritnent 40, Data File; 0157
ay buffer reading = 1261

Ix

ECL

Dark/ABCur LED/CC Cur Pp/PeakCur Cell Temp

1

4139

1

2

170215

5

3

169414

1

4

151501

5

5

210702

6

6

117229

7

7

3085

8

8

50787

9

9

5802

.0 10

9812

.1 11

5713

L2 12

3474

13 13

2674

14 14

3381

15 15

2637

16 16

44176

2218
5532
2222
6060
2253
6236
2253
6325
2244
6325
2259
6325
2249
6325
2276
6236
2246
6236
2280
6325
2271
6236
2281
6236
2291
6236
2291
6325
2292
6263
2285
6236

37773
19364
37523
18395
37465
19489
37419
19537
37311
19734
37359
19798
37383
19581
37470
19629
37446
18864
37438
19717
37365
19798
37470
19523
37422
19588
37402
19805
37400
20069
37399
19988

'Ixperiment status: No errors
!nd Report

oo

2289
13285
2271
13197
2285
13461
2289
13511
2289
13373
2244
13461
2271
13373
2271
13373
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2297
13373
2289
13373
2377
13299
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13461
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13197
2297
13373
2147
13337
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33797
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